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These potential transformers weigh 
800 lbs less than older types 


LL THAT IS NEEDED to lift these 
69-kv potential transformers 
into place is a set of rope blocks — 
thanks to the savings in weight 
made possible by new Allis-Chal- 
mers designs. In addition, they take 
up less space, require less founda- 
tion structure than other types of 
potential transformers. 


Corona-Free Design Provides 
High Insulation Strength 
The units are corona-free. They 
have high insulation strength and 
high thermal ratings. Long-time 
overvoltage tests have proved all 

voltage classes. 


Construction Sturdy 


Tanks are all-welded, hermetically >) COMPLETE LINE OF INDOOR 
sealed to protect insulation and oil AND OUTDOOR current and 
from sludge formation. Unique potential transformers offer 
bushing construction permits cir- : Weighhicavingdeeranainoucnte 
culation of oil through the bushing 40% of cldentyoeemlnccianen 
and transformer, reducing oil re- strengths enclereemeemndaree 


quirements and permitting reduced 
transformer sizes. 

It will pay to get all the facts on 
weight savings and quality design 
and construction of Allis-Chalmers 
current and potential transformers. 
For your copy of the technical 
paper “PT’s Are Getting Smaller,” \ - ere Se Sie 
consult the A-C office nearest you ny — 
or write Allis-Chalmers, Milwaukee 
1, Wisconsin. fee see a ee » 

| Current Transformer 


mal ratings higher than could 
Previously be provided. 
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HIGHLIGHTS........ 


Ten Founding Fathers of the Electrical 
Sciences. Joseph Henry made three im- 
portant electrical contributions in the fields 
of electromagnetism and telegraphy. How- 
ever, as he was hesitant in publishing his 
observations he lost priority on several of 
his most important discoveries (pp. 1072-3). 


The Institute—Its Problems. Key sta- 
tistics are given to show the magnitude of 
growth in AIEE membership and services. 
President Monteith reviews the financial 
problem involved in the changes, and the 
present action that is being taken by the 
Board in this matter (pp. 7055-6). 


An Electrifying Future. It is suggested 
that the advancement of the theory and 
practice of electrical engineering and allied 
arts and sciences can be aided by the 
implementation of a 5-point program dis- 
cussed here (pp. 7064-8). 


Organization and Management of an 
Atomic Power Study. Even the learning 

_ and appraisal stage of nuclear fuel in the 
power industry is costly. The approach 
made to the problem by one of the four 
original industrial teams is discussed in 
some detail (fp. 7068-77). 


Winter General Meeting. The program 
of the technical sessions and activities for 
the Winter General Meeting, which will be 
held in New York, N. Y., January 31— 
February 4, 1955, is presented (p. 7724). 


AIEE Fellows. A biographical sketch of 
an AIEE member who recently was 
elected to the grade of Fellow in the Insti- 
tute is given (p. 7733). 
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Light’s Diamond Jubilee and the Engi- 
neer, The Electrical Era was ushered in 
with the names of many great men who 
have aided in its progress. A review is 
given of those men whose contributions— 
in such fields as electric light and power, 
telephone and electrical communication, 
radio and television, education or manu- 
facturing—have won for them the Edison 
Medal (¢. 1057-62). 


480 Wye/277-Volt Power System in 
Telephone Building in Menands, N. Y. 
Whether the higher voltage system is 
called 480 wye/277 or 460 wye/265 volts, 
it is the same system and has the same volt- 
age spread. Such installations are in- 
creasingly being used in many modern 
commercial buildings (pp. 7700-05). 


A New Electrical Hygrometer. The con- 
trol of atmospheric conditions in many 
industries and homes has become an im- 
portant factor. The device described is 
reliable, simple, and a means whereby 
relative humidity can be controlled between 
the limits of 30 to 100 per cent (pp. 7083- 
7). 


Demonstration of the Principle of the 
Ultrasonic Flowmeter. The new flow- 
meter is the result of a search for a simple 
and accurate method for making measure- 
ments of liquid flow. It is of very prac- 
tical value in the measurement of water 
intake to hydroelectric turbines (fp. 7082- 
4). 


Aircraft Switch Testing. The dynamic 
constantly changing nature of the aircraft 
problem is the principal factor causing the 
variance between qualities desired and 
achieved. After a discussion of the various 


factors involved in switch evaluation, 
recommendations are presented (fp. 
1074-9). 


Improved Wide-Range Adjustable-Speed 
Drive. This drive has the high starting- 
torque characteristic of the series motor and 
requires no elaborate control equipment. 
The speed is essentially constant when 
measured between no load and full load 
for each setting of a control-field rheostat 
(pp. 7089-97). 


Fall General Meeting Attended by More 
Than Two Thousand. The 1954 AIEE 
Fall General Meeting held in Chicago, IIl., 
October 11-15, 1954, was attended by 
2,008 members, students, and guests. ‘The 
many technical sessions covered a wide 
range of subjects on power systems, trans- 
portation, communication, television, ro- 
tating machinery, etc. (pp. 7727). 


Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain 
the formally reviewed and approved 
numbered papers presented at General 
and District meetings and conferences. 
The publications are on an annual sub- 
scription basis. In consideration of pay- 
ment of dues, members (exclusive of Stu- 
dent members) may receive one of the 
three publications; additional publications 
are offered to members at an annual sub- 
scription price of $2.50 each. ‘The publica- 
tions also are available to Student mem- 
bers at the annual subscription rate of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York ex- 


change). Single copies, when available, 
are $1.00 each. Discounts are allowed to 
libraries, publishers, and subscription 
agencies. 


An Alpha Plotter for Point-Contact Tran- 
sistors. The alpha—emitter current char- 
acteristic is of great importance in large- 
signal applications of point-contact tran- 
sistors. Most of these applications are 
switching and computing circuits that 
utilize the inherent ability of point-contact 
transistors to present a negative resistance 
characteristic at its output terminals (pp. 
1094-8). 


Transistor Broadcast Receivers. Tran- 
sistors offer various possibilities such as de- 
creased size and weight, considerably more 
efficient battery operation, greater me- 
chanical stability, and indefinite life 
(pp. 1107-12). 


A Survey of Magnetic Recording. Many 
new developments in recording media and 
magnetic recording heads have been made 
in the past 15 years. As a result, magnetic 
recording is being used in many new fields 
today, such as for computers, instrumenta- 
tion, business machines, and control mech- 
anisms. More than 200 million dollars’ 
worth of magnetic recording equipment 
and accessories were bought by the Ameri- 
can public during the past year (pp. 7775- 
8). 


Membership in the American 


Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. 


Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 


publication office 20th & Northampton Streets, Easton, Pa. Editorial and advertising offices 
per year plus extra postage charge to all countries to which the second-class postage rate does not apply; single copy $1.50. 
1879. Accepted for mailing at special postage rates provided for in Section 538, P. L. & R. Act of 


December 1954, Vol. 73, No. 12. Number of copies of this issue 60,400. 


Highlights 


3A 


4424-H 


4A 


How do you evaluate the 


CAPITAL INVESTMENT 


you make in station insulators ? 


You, as a buyer of station insulators, are 
investing your company’s capital. If you were 
dealing in stocks and bonds rather than insu- 
lators, you would evaluate “market value” 
against “annual return.” 


Between one make of insulator and another, 
the cost of buying them does not vary ma- 
terially. But, can this be said about the cost 
of owning them? If one lasts longer than an- 
other, its “return’’ on invested capital is 
greater. 


In the “standards-plus...” category of 
station insulator characteristics, O-B’s atten- 
tion to seemingly insignificant details has put 
extra years into the product -- witness the 
scores of 30-year-old installations, and hun- 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


dreds in the 20-year bracket. Those have 
proved to be good investments as they have 
given a high rate of return on a capital ex- 
penditure. 


After all, there are bargains in station in- 
sulators -- not bargains in first cost but defin- 
ite bargains in what you're getting for your 
money! When you look at station insulators 
as a capital investment, you will get the best 
“interest rate’’ with O-B. 
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The Institute—Its Problems 


A. CG. MONTEITH 
PRESIDENT AIEE 


President Monteith presents a review of the 
financial problem that confronts the Institute, 
following an analysis of the financial statements 
of the annual report and present budget allot- 
ments. This situation arises because the in- 
creased Institute services to its members has 

caused a great increase in expenditures. 


COULD have planned to tell you about some of the 
eT outstanding things the Institute is doing. This would 

be pleasant indeed, but I feel a compelling urgency to 
review at this time the most pressing problem that faces 
our Institute. This problem is finances—dollars and cents. 
During the last half century, the cost of living for practically 
all commodities, except electric energy, has increased 
more than 21/2 fold. The index of these costs in January 
1913 was 42.3; whereas it is 115 today. This is on the 
basis of the years 1947-49 taken at par or 100. During that 
period of time, practically all services to members have 
been greatly increased; yet the dues have remained un- 
changed for these increased services for more than half a 
century. 

Fortunately, we are engineers and accustomed to dealing 
with facts. There are four facts about our finances that 
you should know. I will give them to you as clearly and 
simply as I can. ° 

The first fact is that during this budget year we will spend 
about $40,000 more than we take in. Unless we do some- 
thing immediately, our Finance Committee predicts a 
deficit approximately double this deficit in the next 
budget year. 

The second fact is that this situation has come upon 
us quite suddenly. As you can see from the financial 
statements in our annual reports, we went from a comfort- 
able $82,000 surplus of income over expense as of April 
1953 to a $6,000 deficit as of April 1954, which is the end of 
the fiscal year. 

The biggest single factor contributing to this unhappy 
situation has been a major increase in the number of papers 
and pages published and the correspondingly higher pub- 
lication costs. Here we find a combination of general in- 
creases in the cost of labor and materials coupled with a 
greatly expanded program of technical activities. Our 
publication policy has been broadened to meet recognized 
needs. For example, we are now issuing the bimonthly 
publications. Since their inauguration they have proved 
extremely popular and serve 22,490 different members 
compared with the service to only 2,000 different members 


wo gets cel OS as a ee ee 
Text of an address presented before the Fall General Meeting, Chicago, IIl., October 
11-15, 1954. 
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a few years ago; however, there is no compensating increase 
in income since these publications do not carry advertising. 

Also, it was decided recently to offer preprinting facilities 
for conference-type papers, which will further increase 
expenditures by some $15,000 to $20,000 annually. These 
and other expanded services are helping to swell the to- 
tal deficit. 

The third fact is that dues for the great bulk of our mem- 
bership have remained unchanged for more than half a 
century. Members’ dues have remained at $15 for over 
50 years. The initial $10 dues for Associate Members has 
been in effect for 70 years. 

Today, an AIEE member’s dues do not pay his way. In 
the fiscal year ended last April, each member received 
$24.70 worth of services. The income per member from 
all Institute sources was only $24.41. Although this loss 
per member may appear small, our huge membership 
magnifies this unit loss into big dollars. Thus, each new 
member we add to our rolls pyramids our debt instead of 
helping to balance the budget. 

At the same time, the cost of serving our membership 
has been climbing steadily. It has risen from $16.77 per 
member in 1922 to almost $25 today. True, we have 
augmented our income over the years by such expedients as 
increasing advertising rates and the adoption of registration 
fees at meetings. But, this has not offset the sharp rise in 
costs. Such cost increases have forced most other major 
societies to raise their dues—some of them even twice 
within 2 or 3 years—in order to stay in the black. Con- 
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trary to this, AIEE has held dues at their present level but 
has departed from a balanced budget. 

The fourth fact is that in spite of rising costs and tremen- 
dous growth, the Institute has maintained all of its services 
to all of its members. In fact, down through the years, 
services have steadily expanded as the needs arose. This has 
been possible only by the most efficient and thrifty opera- 
tion. Compared with operation of similar organizations, 
we are serving our membership with a headquarters staff 
as small as that possessed by any similar society and sub- 
stantially smaller proportionately than most. 

Our service problems have been intensified because we 
have grown so large. Here are some key statistics that may 
help you realize the magnitude of growth in membership 
and services: 


Membership almost doubled in the 20-year period from 
1922 (14,263) to 1945 (23,072). It doubled again from 
1945 to 1954 (47,923). Because engineering is such a potent 
element in our economy today, I predict that membership 
in our Institute will again double in the next 15 years. 


Sections have more than doubled in the last 30 years. In 
1922 there were 45; today there are 105. In the next 15 
years we can expect our Sections to number 130 to 140. 


Student Branches have also doubled since 1922, totalling 
135 today. Future rate of increase here will probably be 
lower than for Sections because Branches are dependent 
upon accredited schools. 


Meetings—as a measure of service to our membership— 
bear special significance. In general, meetings of all types 
have more than doubled since 1945. For example, there 
were four General Meetings in 1922; currently General and 
District Meetings are running at about six a year. 

Although our membership has increased a little more than 
three times since 1922, Section meetings have increased 
well over five times. They have increased from 393 in 1922 
to 884 in 1945, and then to 1,942 meetings in 1954. In 
addition to the Section meetings, some 416 Subsection 
meetings carried the Institute to members in remote loca- 
tions during 1954. This is significant because it means that 
today the Institute is serving its members much better at 
the local level than it did in 1922. 

Student Branch meetings have also seen similar sub- 
stantial increase. Although there was a sizable drop in 
such meetings from 1939 through the war years, there were 
approximately three times as many Branch meetings in 
1954 as in 1922. In the same period, the number of 
Branches only doubled. Since 1945 these meetings have 
more than doubled (547 in 1945 to 1,117 in 1954). This 
again emphasizes the increased service we are giving our 
members. 

We have also had a healthy increase in the number of 
Special Technical Conferences. These are services pin- 
pointed to members with specialized interests. In the fiscal 
year 1954, there were 14 of these conferences, some with 
registrations exceeding several national and District meet- 
ings. 

A mushrooming phase of our national operation is our 
technical activities. In 1922 we had 15 technical commit- 


tees with an aggregate membership of 232. Last year, our | 
technical operation encompassed 39 main committees and | 
198 subcommittees with over 3,600 members. Even so, we | 
feel that much more is still needed in this area. 


These, gentlemen, are the simple facts. The expansion 
of the Institute and its services in all of these directions is 
good. We are carrying out our primary responsibility. . 
we are improving services to our members. But, all this costs 
money—much more today on a unit basis than ever before. 
With this handwriting on the wall, common sense tells us 
to lay out our plans and take specific action promptly. 
Your Board of Directors, therefore, is taking several steps 
which, I believe, you as engineers will approve: | 


1. Through appropriate committees we have initiated | 
extensive studies of all expenses to see if it is possible to | 
secure even more effective handling of our income. 

2. We recently reappraised our advertising rates for : 
Electrical Engineering in view of recent increases by compara- 
ble journals. As a result of this study, our advertising rates 
will be increased by 20 per cent on January 1, 1955. This 
is the second increase in recent years. It is felt that this 
modest increase will be acceptable to the trade and, if 
properly handled, our predicted deficit for next year can 
be held to $85,000. 

3. We have from time to time talked about the necessity 
for reorganization. We recognize, too, the need for flexi- 
bility in any organization so that we can move into new 
areas or to new problems speedily and effectively. . 

In line with this, we recently initiated a preliminary sur- 
vey to study thoroughly our over-all organization and 
finances from a long-range point of view. I feel that we 
cannot put off this matter of reorganization much longer, 
particularly if my prediction on membership comes true. 

In this connection, your Board is considering the use of an 
outside management consultant. The Institute has never 
had the benefit of such an analysis by specialists in this field 
and it may prove to be an extremely valuable investment. 


After all this discussion, I think you engineers appreciate 
the importance of taking in as much money as we spend. 
In the face of increased services and increased basic costs, 
your Board believes that the past policy of holding the line 
on dues might be carried too far. It might result only in 
reducing necessary services to our members. Your Board 
is operating on the principle that the present situation may 
call for a reasonable increase in dues rather than the cur- 
tailment of some essential service that would tend to weaken 
our great organization. Several years ago, the Board re- 
quested from the membership the right to change the dues. 
This was granted but the Board found ways and means of 
delaying action. I can assure you that definite conclusions 
will be reached only after detailed studies are completed. 

I bring these facts to you so that the membership can 
more readily understand the problems facing the Institute 
today. You can rest assured your officers will continue 
their diligent search for new economies of operation to pre- 
vent any curtailing of services. This failing, we hope you 
will concur that a moderate increase in dues for 1955 is the 
right and proper solution to our problem. 
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Light’s Diamond Jubilee 


and the 


Engineer 


EVERETT. S..LEE 


FELLOW AIEE 


HIS is a year of cele- 

bration for the great 

electrical industry. It is 
Light’s Diamond Jubilee year. 
The keynote is “Light for 
Freedom, Power for Prog- 
ress.” Just as freedom is en- 
shrined in the hearts of men, 
so progress is written in the lives of men. And so let 
us speak of progress in terms of the lives of men. 

Go back with me to 1706, when a boy was born in Boston 
who was to become a great printer, writer, patriot, diplo- 
mat, scientist, and engineer. Benjamin Franklin was his 
name—and of him a little girl wrote— 


- “Benjamin Franklin—born in Boston—he went to Phila- 
delphia—there a young lady saw him. She smiled at him. 
He married her—and discovered electricity.” 


It was just 200 years ago that Franklin braved a violent 
thunderstorm with only a kite, a key, and the determination 
. to prove that the feeble discharge of the Leyden jar was of 
the same nature as the powerful lightning stroke. This 
he did, and it won him world-wide fame. But he courted 
death to do it. 


INDEPENDENCE—AND AFTER 


PAS then, later in Franklin’s life came restrictions to the 
colonists from England, came taxation without 
representation, came Franklin forward with his plan for 
Union, came Samuel Adams, came Patrick Henry against 
the opposition to mobilize with his still-ringing speech— 


<‘ What is it that gentlemen wish? What would they 
have? Is life so dear or peace so sweet as to be purchased 
at the price of chains and slavery? Forbid it, Almighty 
God! I know not what course others may take but as for 
me, give me liberty or give me death.” 


And then came the great Declaration of Independence, 
the hard struggle for independence, George Washington, 
Valley Forge, Yorktown, when Lord Cornwallis surrendered 
to bring peace, but a peace that was far from bringing com- 
plete safety and complete contentment to the United 
States. For to build the nation there was much to do, and 
the next years were to see “The Critical Period,” “The 
Period of Darkness,” and “The Westward Expansion.” 


1876—THE ELECTRICAL ERA 


"| Peee in 1876, the Electrical Era was ushered in. 
American life at the beginning of 1876 appears to our 
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twentieth-century eye to have 
been a simple, unhurried 
existence. Horse cars jangled 
leisurely through the prin- 
cipal streets of the larger 
cities. In those conveyances 
businessmen of the seventies 
rode to work. In the winter- 
time passengers’ feet were embedded in hay or straw for 
warmth. 

As evening approached, lamp-lighters made their rounds 
through the city streets. The lamps made small yellow 
spots of illumination in the darkness, dotting the gloomy 
streets in double lines. They burned with a certain amount 
of flicker from air currents in the square glass chambers. A 
high wind was likely to extinguish them. In thrifty cities 
the lamps were turned out on nights of the full moon. 

This was the era of the reciprocating steam engine. 
Wherever power in large volume was required, there the 
reciprocating engine was to be found. The towering 
engines were a fascinating spectacle of intricate parts in 
noisy motion. 

Eighteen seventy-six was America’s centennial year, and 
its Centennial Exposition at Philadelphia was destined to 
open a new gateway, on which might well have been written 
after the manner of Solomon: “It is the glory of God to 
conceal a thing; but to the honor of man to search it out.” 
Beyond that gateway lay the Electrical Era. It was 
ushered in with great names. 


1876—THOMAS EDISON COMES TO MENLO PARK 


way from the bustle of cities, picturesque in its seclu- 

sion, the hamlet of Menlo Park was, until 1876, on 

one of the byways of life. Then suddenly into it came a 

man who seemed little less than a magician and who 
raised it to fame among the great places of the nation. 

The first intimation that the village had a newcomer was 
when a gabled dwelling began to rise near the railroad 
station. Inhabitants learned that the owner’s name was 
Edison; and after a while they began to see him—an 
energetic young man of 29, with searching eyes and a ready 
smile. Not far from his home he erected a laboratory, two 
stories high and 100 feet long, built of white clapboards, 
with a porch across the 25-foot front. Other buildings 
rose about the same time—a machine shop, powerhouse, 
and a library-office. 


Into this small center workers began tocome. The hum 
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of enterprise arose; expectancy was in the air. Shortly 
after his arrival the infectious enthusiasm of the young man 
had caught up not only his associates, but the whole town. 
Menlo Park was an Edison conquest, and henceforth it was 
to acknowledge his residence with gratitude. 

- But the scientist, however great his zeal, cannot apply 
his ideas without practical support. Grosvenor P. Lowry, 
a New York lawyer of high standing, was Edison’s most 
loyal admirer among men of influence. Jovial and good- 
hearted, a typical old-school 
barrister with Horace Greeley 
whiskers under his chin, he 
had closely followed Edison’s 
work with the phonograph 
and telephone transmitter, 
acting as legal adviser and 
acquiring a tremendous faith 
in the ability of the young in- 
ventor. When, around 1878, 
public interest began to lose 
itself in wonder over the arc 
light, Lowry was one of sev- 
eral to think of electric light- 
ing as an opportunity for 
Edison. Immediately he set 
about obtaining the necessary 
capital. 

As a result of his efforts the 
Edison Electric Light Com- 
pany was incorporated in 
October 1878. Edison was 
now committed to experi- 
menting with electric lighting, 
and he was provided with 
ample funds. He augmented 
equipment, hired more men, and put all his characteristic 
intensity, his great technical imagination, into the effort 
of producing a small-unit electric light. 

Hundreds of experiments took place, and more than 
$40,000 was expended. Gradually a serviceable lamp 
filament of carbonized substance, along with an all-glass 
hermetically sealed bulb, were developed. Lastly, the 
means of obtaining and keeping a vacuum in that bulb 
were worked out. 

Toward the end of October 1879, Edison carbonized a 
cotton thread. He placed it, bent in horseshoe form, inside 
one of his sealed glass bulbs. On the evening of October 
19, this crude experimental lamp, standing upright on a 
table, was connected to an electric circuit. A knot of 
Edison workers had gathered to see what would happen. 
The central figure was the wizard himself. With him were 
Francis R. Upton, his mathematician; Charles Batchelor, 
his model-maker; John Kruesi, his machine-shop expert; 
Ludwig Boehm, his glass-blower; Francis Jehl and Mar- 
tin Force, of the laboratory staff. 

Current was switched on. The lamp, responding in- 
stantly, glowed with a soft light. Quickly they measured 
the resistance. It was 275 ohms—ample for their purpose 
and overwhelmingly greater than the four or five ohms of 
previous incandescent lamps. Then all sat down to watch 
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the slender horseshoe of light, half expecting it to vanish, 
But hour after hour it continued to glow until the night 
was spent. 7 
No one had eaten, no one had thought of sleep. The 
gray of a second dawn found them still at their vigil. That 
tiny glass globe with its slender filament contained their 
hopes of harnessing electricity—that wild, mysterious 

force—and setting it to work for the benefit of mankind. 
About one o’clock on the second afternoon, October 21, 
more than 40 hours 


after | 


it first received the current, 


filament burned out. 
The spell was broken. The 


jubilation. 
quiet in the hour of his tre- 
mendous success. As_ the 
little lamp glowed, he had 
envisioned “great cities 
lighted from central stations” 
and his mind was alive with 
plans. But all he said, when 
the glow finally vanished, 
was “That’s fine—that’s fine! 
I think we’ve got it! If it 
can burn 40-hours, I can 
make it last a 100.” 

The successful demonstra- 
tion of a solitary lamp left the 
spectators awestruck. Little 
did they realize, however, that 
what they had seen was to ex- 
pand electrical usage literally to the confines of civilization. 

Edison immediately set about supplying the tremendous 
demand for his new electric light. He began the first 
commercial manufacture of electric incandescent lamps in 
October of 1880, and later established shops for the manu- 
facture of dynamos, underground conductors, sockets, 
fuses, switches, meters, fixtures—everything necessary for 
the complete system. On September 4, 1882, just 3 
years after that eventful night of the first successful incan- 
descent lamp, Edison began the operation of the first com- 
mercial central power station for incandescent electric 
lighting in this country. It was located at 257 Pearl Street, 
New York City, and supplied about 400 incandescent elec- 
tric lights to a small number of customers. 


THE AMERICAN ENTERPRISE SYSTEM 


ie that wonderful story we find all the characteristics of 
the American free enterprise system. It is a story 
told in the lives of men—men with vision to see ahead. The 
scientist brings forth new knowledge from nature, and the 
engineer forms that knowledge into products for the people 
to have and use. Other men invest capital to provide the 
equipment for research and development and design, for 
the buildings with machinery to produce the products to 
follow and to give opportunity for millions of people to 


ELECTRICAL ENGINEERING 


Edison reached over to the 
rheostat and gradually in- | 
creased the voltage until the 


men leaped up with cries of 
But Edison was_ 


work. Lastly, we have a public which responds with 
enthusiasm to the new products made available to it, and a 
government dedicated to maintain a climate where good, 
free competition is the fundamental principle of achieve- 
ment. ; 
So in this year of Light’s Diamond Jubilee, we recognize 
_ that electricity is one of the things which have made us the 
leader of the world in the production of services for man- 
kind. Within the span of a single lifetime, electricity has 
been advanced into every avenue for the service of man. 
' It has been characterized as more revolutionary for the well- 
being of the people of the world than any other material 
thing in recorded history. 


EDISON THE INVENTOR 


Bais much of this phenomenal progress Edison con- 
tinued his pioneering. The 1,097 inventions patented 
in his name cover nearly every phase of activity in which the 
electrical engineer is engaged today, even venturing into 
opportunities as yet little realized. These inventions in- 
clude: 


1868—Electric vote recorder, Edison’s first patented invention. 

1869—1873—Stock ticker and various telegraph systems. 

1876— ‘Electric pen,” forerunner of the mimeograph machine. 

1877—Phonograph and carbon telephone transmitter. 

1879—Incandescent electric lamp and systems of distribution, regula- 
tion, and measurement of electric current. 

1880—Magnetic ore separator. 

1885—System for communicating by means of wireless induction 
telegraphy between moving trains and railway stations; ‘also 
ship-to-shore system. 

1891—Motion picture camera. 

1896—Fluorescope. (Edison did not patent this invention, but 
chose to leave it to the public domain because of its universal 
need in medicine and surgery.) 

1900—Nickel-iron-alkaline storage battery. 

1907—Universal electric motor for operating dictating machines on 
alternating or direct current. 

1913—Kinetophone for talking motion pictures. 

1914— Electric safety lanterns for miners; also the telescribe, com- 
bining the telephone and the dictating phonograph, thus 
permitting the recording of both sides of telephone messages. 


And there were other events in the life of the great in- 
ventor which were important in the field of science and 
engineering: 


1875—He discovered ‘‘etheric force,’”? a phenomenon which a few 
years later was recognized as the result of electric waves in 
free space. 

1880—He started operation of the first passenger electric railway in 
the United States, at Menlo Park, N. J. 

1882—He began operation of the first commercial central station for 
incandescent lighting in the United States, in the city of 
New York. 

1883—He discovered the ‘‘Edison effect,’ fundamental principle on 
which the modern science of electronics rests. 

1931—When stricken with his final illness, Edison was pressing his 
investigation of the possibility of growing rubber in continental 
United States. 


THE EDISON MEDAL 


I 1904 the Edison Medal was founded by an organiza- 
tion of associates and friends of Thomas A. Edison, to 
commemorate the achievements with which Edison has 
been so prominently identified and to serve ‘fas an honor- 


DECEMBER 1954 


Lee—Light?s Diamond Jubilee. 


able incentive to scientists, engineers, and artisans to 
maintain by their works the high standard of accomplish- 
ment” which he had set. The American Institute of Elec- 
trical Engineers was given the responsibility of making the 
awards. The medal is awarded each year by the Edi- 
son Medal Committee of AIEE to a resident in the United 
States of America and its dependencies, or of the Dominion 
of Canada, for “meritorious achievement” in electrical 
science or electrical engineering or the electrical arts. 

Forty-three awards of the Edison Medal have been 
made. From those men contemporary with Edison to 
those men of our day, the pioneering spirit, inspiring leader- 
ship, and meritorious achievements have carried forward 
the brilliance of Edison’s first lamp. Awards of the medal 
have been as follows: 


1909 Elihu Thomson 1933 Arthur E. Kennelly 
1910 Frank J. Sprague 1934 Willis R. Whitney 

1911 George Westinghouse 1935 Lewis B. Stillwell 

1912 William Stanley 1936 Alexander Dow 

1913 Charles F. Brush 1937 Gano Dunn 

1914 Alexander Graham Bell 1938 Dugald C. Jackson 

1916 Nikola Tesla 1939 Philip Torchio 

1917 John J. Carty 1940 George Ashley Campbell 
1918 Benjamin G. Lamme 1941 John B. Whitehead 

1919 William LeRoy Emmet 1942 Edwin Howard Armstrong 
1920 Michael I. Pupin 1943 Vannevar Bush 

1921 Cummings C. Chesney 1944 Ernst F. W. Alexanderson 
1922 Robert A. Millikan 1945 Philip Sporn 

1923 John W. Lieb 1946 Lee de Forest 

1924 John W. Howell 1947 Joseph Slepian 

1925 Harris J. Ryan 1948 Morris E. Leeds 

1927 William D. Coolidge 1949 Karl B. McEachron 
1928 Frank B. Jewett 1950 Otto B. Blackwell 

1929 Charles F. Scott 1951 Charles F. Wagner 

1930 Frank Conrad 1952 Vladimir K. Zworykin 
1931 Edwin Wilbur Rice, Jr. 1953 John Findley Peters 
1932 Bancroft Gherardi 


The early names are those who, together with Edison, 
ushered in the Electrical Era—Elihu Thomson, Frank 
Sprague, George Westinghouse, William Stanley, Charles 
Brush, Alexander Graham Bell. 

To us in General Electric, it has always been a source 
of great pride that Elihu Thomson was the first Edison 
Medalist, for it was the great electrical manufacturing com- 
panies founded by Edison and by Thomson that were 
brought together by Charles A. Coffin to form the General 
Electric Company. 

Professor Thomson, as we always called him, was also a 
prolific inventor, holding 692 patents. There is no better 
way to measure Thomson’s influence on modern electricity 
than to reflect that there is not a single important applica- 
tion of the art to the daily lives of mankind that does not 
show the influence of his work. And just as Edison com- 
bined light and power with communication, so did Thom- 
son. While his work was largely in the electric light and 
power field, there is a brass plate in one of the Philadelphia 
high schools which reads: 


Birthplace of Wireless 
In This Building in 1875 
Elihu Thomson and Edwin Houston 
Young Science Teachers 
Sent and Received Wireless Waves 
To the Distance of 100 Feet 
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ELECTRIC LIGHT AND POWER 


veRY branch of our great electrical industry is repre- 
sented in the Edison Medalist names. In the electric 
light and power industry, there are: 


1923 John W. Lieb 
1936 Alexander Dow 


1939 Philip Torchio 
1945 Philip Sporn 


I was privileged to know these men. John W. Lieb, in 
the early days of the Consolidated Edison Company, 
New York, was alwaysa pioneer in the best in central station 
practice. He was instrumental in establishing the Elec- 
trical Testing Laboratories to maintain the quality of 
manufacture of electric incandescent lamps. 

Alexander Dow, founder of the Detroit Edison Company, 
always worked with the largest steam turbine-generator 
units. It is most interesting that there was reported from 
New York that when a new turbine-generator went into 
operation at Detroit Edison Company on October 21, 
1954, just 75 years to the day from Edison’s first lamp, the 
nation’s electrical utility industry reached 100,000,000 kw 
of generating capacity. 

Philip Torchio, pioneer leader in central station engineer- 
ing and power distribution, brought underground oil-filled 
cable at 132,000 volts into New York City. And Philip 
Sporn was the first to go to 330,000-volt transmission in this 
country and to announce a power plant with the installa- 
tion of a steam turbine-generator unit at 4,500 psi steam 
pressure and 1,150 F temperature, and a boiler at 5,000 psi 
steam pressure. 

In this connection, the recent announcement by Phila- 
delphia Electric of a power plant with a steam turbine- 
generator unit at 5,000 psi steam pressure and 1,200 F 
temperature, and a boiler at 6,000 psi steam pressure, shows 
that you just can’t keep the electric light and power in- 
dustry down. Every advance for more efficient electricity 
generation and transmission is met by a succeeding ad- 
vance. It is this spirit of advancement which makes 
Light’s Diamond Jubilee a real jubilee in the electric light 
and power industry. 


TELEPHONE AND ELECTRICAL COMMUNICATION 


i the list of names of Edison Medal winners, the com- 
munication industry is also meritoriously represented. 
In the field of telephone and electrical communication, 
there are: 


1914 Alexander Graham Bell 1932 Bancroft Gherardi 

1917 John J. Carty 1940 George Ashley Campbell 
1920 Michael I. Pupin 1950 Otto B. Blackwell 

1928 Frank B. Jewett 


If you will read the medal citations of these men, you 
will find the basic elements that can make an industry 
great. In Bell we have invention. In Jewett we have 
research, in Carty and Gherardi, engineering, in Pupin 
and Campbell, the application of mathematics and physics 
to the solution of problems, and in Blackwell, pioneering con- 
tributions to the art. These fundamentals of science and 
engineering have provided the strength which has enabled 
the telephone industry to give outstanding service. They 
are basic in any industry which hopes to live and grow. 
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RADIO AND TELEVISION 


a radio and television, there are five winners of the Edi- 


son Medal: 


1930 Frank Conrad 
1942 Edwin Howard Armstrong 
1944 Ernst F. W. Alexanderson 


1946 Lee de Forest 
1952 Vladimir K. Zworykin 


: 
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As I sit in the living room of my home in Schenectady, — 
and see the New York Giants and the Brooklyn Dodgers — 


play baseball in New York City, 160 miles away, or the 


Cleveland Indians and the Chicago White Sox in Chicago, 
800 miles away, or the University of California’s Golden 
Bears and the University of Oklahoma’s Sooners play foot- 


ball at Berkeley, Calif., 3,000 miles away, I marvel again 
and again at the contributions of the men who have made 
these wonders possible. And when on New Year’s day 
this year, I saw the Rose Bowl Parade from Pasadena, Calif., 
on a television screen in the Park-Sheraton Hotel in New 
York City, in color in all its beauty, perfectly, without a 
blemish or an interruption, I could only think again of 
that wonderful quotation from Solomon: “It is the glory 
of God to conceal a thing; but to the honor of man to 
search it out.” 

Our scientists and our engineers have surely brought 
forth from God’s great universe the wonders which he has 
put there to be made available to his people. ‘This is 
truly Light’s Diamond Jubilee in the radio and television 
industry, as also for the engineers in the electric light and 
power industry who have provided the power. For, while 
it is easier to be inspired by the wonders of radio and 
television, the wonder of electric light and power is also of 
outstanding magnitude and significance. I often think of 
Dr. Ernst J. Berg at the University of Illinois in 1913 
before the days of radio broadcasting, who said, as he told 
us of Hertz and electric waves, that the great wonder is 
not that electricity can be propagated through space, 
but rather that it can be constrained to follow a wire. 


EDUCATORS 


thee. is also a Light’s Diamond Jubilee for the educators 
in the electrical field, for the art and science of elec- 
trical engineering are so complex that the very highest of 
attainment in scientific and engineering education has been 
demanded and supplied from the very earliest days. 
Among the educators, we find: 
1922 Robert A. Millikan 1938 Dugald C. Jackson 
1925 Harris J. Ryan 1941 John B. Whitehead 
1929 Charles F. Scott 1943 Vannevar Bush 
1933 Arthur E. Kennelly 

To Robert Millikan who isolated the electron, to Harris 
Ryan for his outstanding work leading to 230,000-volt and 
287,500-volt transmission of electric power on the Pacific 
Coast, to Charles Scott for polyphase power transmission 
and the ‘Scott Connection,’ known to every electrical 
engineer, Light’s Diamond Jubilee owes jubilee celebration 
for the establishment of fundamentals so essential to our 
technical advances. And to Charles Scott and Dugald Jack- 
son we owe added honor for their leadership in establishing 
within the engineer a realization of his position of leadership 
among his fellow men, not only as an engineer but also as a 
citizen. 


ELECTRICAL ENGINEERING 


To Arthur Kennelly honor is due for his application of 
mathematics to the solution of the circuits of electrical 
engineering. Dugald Jackson is honored for his contribu- 
tion in the field of generation and distribution of electric 
power, And John Whitehead is hailed for his pioneering 
and development in the field of dielectric phenomena. 


_ And all honor to Vannevar Bush, for his leadership in 


the development and design of mathematical :calculating 
machines as applied to electrical and other engineering 
problems, and later for his eminent service to the nation 
when he worked with those who held the destiny of the 
development of the atomic bomb. 


CONSTRUCTION 


| [ the construction industry we have another great name 


on our list of Edison Medalists: 


| 1937 Gano Dunn 


1909 


Staunch in his leadership in great engineering works, 
Dunn was also steadfast in his faith in the engineering pro- 


fession and the great place the engineer merits in the lives 


of men. 


ELECTRICAL MANUFACTURING 


ROM the great electrical manufacturing industry we 
# also find many winners of the Edison Medal: 


Elihu Thomson 1930 Frank Conrad 
1910 Frank J. Sprague 1931 Edwin Wilbur Rice, Jr. 
1911 George Westinghouse 1934 Willis R. Whitney 
/1912 William Stanley 1935 Lewis B. Stillwell 
/ 1913 Charles F. Brush 1944 Ernst F. W. Alexanderson 
1916 Nikola Tesla 1947 Joseph Slepian 
1918 Benjamin G. Lamme 1948 Morris E. Leeds 
1919 William LeRoy Emmet 1949 Karl B. McEachron 
1921 Cummings C. Chesney 1951 Charles F. Wagner 
1924 John W. Howell 1953 John Findley Peters 
1927 William D. Coolidge 


William LeRoy Emmet was early honored for his in- 


-ventions and developments of electric apparatus and 
prime movers. 


He had designed the Niagara generators 
for Adams Station No. 2, the first of which went on the 
line October 1902. When the order for these generators 
was placed, he said: “I can hardly give an idea of the thrill 
which I felt when this matter was settled. I was athirst 
for something big to do, and this was the biggest thing in 
the electrical world. Every detail of what I intended to 
do was in my mind, as if the plant had been running for 


months. I had planned the construction of the generators 
and had them calculated over and over again.” ‘That is 
the engineer. 


Later Emmet was given the assignment of developing 
the Curtis steam turbine. It was here in the City of 
Chicago in 1903, at the Fisk Street Station of the Common- 
wealth Edison Company, that the first steam turbine- 
generator, 5,000-kw capacity, was installed. That steam 
turbine-generator required only one-tenth of the space and 
weighed only one-eighth as much as the reciprocating en- 
gines it replaced. The story of its building is an exciting 
one of engineering development and production. Today 
that first steam turbine-generator from Fisk is enshrined in 
the yard of the Schenectady Works of General Electric. 
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On its foundation are the words, ‘Monument to Courage.” 
And that courage has continued to this day throughout 
the electrical manufacturing industry and the electric light 
and power industry. In those days 4 to 5 pounds of coal 
were required to produce a kilowatt-hour of electricity. 
Today the best performance is 3/4 of a pound. The cost 
of electricity to the customer has been continually decreased. 
The cost of electricity in 1882 to the original Pearl Street 
Station customers was about 24 cents per kilowatt-hour. 
Today the national average revenue per kilowatt-hour for 
residential service is 2.75 cents. The story of engineering 
and science behind such advances as these is surely one 
which every engineer can take unto himself with the great- 
est of pride and satisfaction in the doing of a job well done. 


RESEARCH 


N 1931, Edwin W. Rice, Jr., president of General 
Electric following Mr. Coffin, was honored for his 
contributions to the development of electric systems and 
apparatus and his encouragement of scientific research in 
industry. It was he who brought Dr. Willis R. Whitney to 
Schenectady in 1901 to establish the General Electric Re- 
search Laboratory. This was the first industrial research 
laboratory set aside to bring forth new knowledge from 
nature. And Dr. Whitney himself was later honored for 
his inspiring leadership in research. 

Research has long been an established word in the elec- 
trical industry, and much of our celebration in Light’s 
Diamond Jubilee rests on that foundation. Again it is 
progress through men. 

One of the earliest research contributions to the progress 
of the incandescent lamp was the development of ductile 
tungsten by Dr. William D. Coolidge, also honored for 
his contributions to incandescent electric lighting and the 
X-ray arts. The story of ductile tungsten research is as 
exciting as the story of Edison and his first incandescent 
lamp. Later, through engineering development and 
design, it represented an advance from the carbon lamp 
of 4 lumens per watt through the early tungsten lamp of 12 
lumens per watt, and on up to 20 lumens per watt with 
today’s 500-watt lamp. And there is another story of 
research, development, and design by the engineers, that 
has brought us the fluorescent lamp, with an advance in 
lumens per watt to 69 in today’s 8-foot slimline lamp. 

Among the early incandescent lamp pioneer engineers 
honored was John W. Howell, for his contributions toward 
the development of the incandescent lamp. It was out- 
standing advances in lamp technology and machine pro- 
duction like his which brought ever-descending lamp costs. 
Comparing a price list of 1913 with the price of the same 
type lamps 40 years later in 1953, one finds the following 
figures: 


Cents 


Lam 
Wattage 1913 1953 
OMS ara eres erotoan asntate al syaictete ter ie.oc5) otele aisle slaWateiel che tele ovmunle so olersatakers 35 sacieatorersicroiate 15 
DB Septet Nalecstvactetare tesa oistokars erat arate Seared fara ale harsh Meeeeerereacs ER TO OnE 15 
BO erereretetcteretarenereecihe te tsre 8) oiwa-s sin Oya? olanaie G6" ste a /aperauetereyenausferrsienerete BGs ccaacatectoveroaye 16 
GO Nerarcrsia! sfereleysueherafaiepereversie\'s(orss ‘eo sixpatersiscstels latehey sis) archers ielsietevece ASS apeitrorsrateintsts 16 
A OO rer xectcteratereneten tare tetaveiags anes releveiersiecevauore) elses @ lore cuenerelaselerelers SO rr tayetsiece tent. 18 


Figures such as these have really been the jubilee celebra- 
tion of Light’s Diamond Jubilee, for together with all of 
the scientific and engineering contributions in the genera- 
tion, transmission, and distribution of electric power, the 
advances in lamp technology and manufacture have been 
ever continuous to give better light, better sight, at lower 
cost. This entire story is phenomenal, and again it is the 
story of men. 

In the instrumentation field, Morris E. Leeds was 
honored for his contribution to industry through the 
development and production of electric precision measur- 
ing devices and controls. This brings honor to all of those 
who, through measurements in every branch of engineering, 
have made the advances possible, for, as Lord Kelvin said, 
if you can’t measure it, your knowledge is of a meager and 
unsatisfactory kind. 

Yes, this is a diamond jubilee year for the great electrical 
manufacturing industry and for the men of science and 
engineering in it. 

And now I am going to introduce a negative note. Ido 
not find a name among the Edison Medalists honored specif- 
ically for his contributions to electrifying the great manu- 
facturing industries of our land. The electrification of 
American industry is the basis of our productivity. In 
the absence of a name in this field we honor those whose 
electrical engineering contributions to our manufacturing 
industry have provided our people with the manifold 
products they enjoy today. 


THE FUTURE 


y Ne what of the future? By one prediction, the use of 
electricity in 1954 will be 410 billion kwh. The 
predicted increase in use of electricity from 1954 to 1964 is 


498 billion kwh. That gives a predicted total kilowatt- 
hour use of electricity in 1964 of 908 billion kwh and a 
generated total of 1,040 billion kwh. ‘ 

To meet this demand, the electrical manufacturing in- 
dustry will have to produce as much electric generating 
equipment in the next 10 years as it has in the past 75 years 
since Edison’s first lamp. And all the other branches of the 
electrical industry will have to produce accordingly. That is’ 
what Edison and his workers would have seen beyond the 
brilliance of their first lamp that night just 75 years ago. 

Light's Diamond Jubilee year; Light for Freedom, 
Power for Progress. The progress to come will be made in 
terms of people, as in the past, and these people will be 
you—engineers and scientists of the great electrical in- 
dustry. Others after you will enter the industry, as you 
once entered it, to give their lives to it and bring it to where 
it will be tomorrow. The Light of Freedom will have 
to be carried on by all of us as we live on with the peoples 
of the world, to be leaders and to keep ourselves strong for 
the conflicts which will ever arise until that light shines 
everywhere. 

I close with the great Ruskin statement: 


WE BUILD 


‘Therefore, as we build, let us think that we build forever. 
Let it not be for present delight, or for present use alone; 
let it be such work as our descendants will thank us for, 
and let us think, as we lay stone on stone, that a time is to 
come when these stones will be held sacred because our 
hands have touched them, and that men will say as they 
look upon the labor and wrought substance of them: ‘See! 
This our fathers did for us! ” 


‘‘All-Transistor’ Calculator Is Developed 
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An experimental ‘‘all-transistor” calculator, with a com- 
puting unit about one-half the size and requiring only 5 per 
cent as much power as a comparable vacuum tube unit, was 
demonstrated at International Business Machine’s new 
Poughkeepsie, N. Y., research laboratory. 

The new machine is comparable in capacity to IBM’s 
type 604 electronic calculator, of which over 2,000 are in 
use. The 604 uses 1,250 vacuum tubes. While their 
speeds are similar, shown side by side the two machines pro- 
vided a sharp contrast in size. This experimental engineer- 
ing model is believed to be the first full-operative transistor- 
ized computer complete with automatic input and output. 

More than 2,200 transistors are used in the machine. A 
number of these are of a design developed by the company’s 
own engineers to meet the operating requirements. 

Printed wiring, replacing much of the wiring normally 
comprising a computer’s nervous system, was incorporated 
into the design of the new calculator to simplify production. 
The model contains 595 printed wiring panels, on which 
the transistors are mounted. Each panel, as shown, is 
about two-thirds the size of an IBM card. 
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Rural Automatization in the Swedish Telephone System 


Baap UR EL 


UTOMATIZATION of the telephone plants in the 

rural areas of Sweden has been going on since the 
beginning of the 1930’s. For this automatization the 
‘requirements concerning operational reliability are par- 
ticularly high since the exchanges are small and unattended 
and located at great distances from each other. 

A crossbar selector was developed in Sweden in 1919. As 
very satisfactory experience had been obtained with this 
selector, it was decided to use the crossbar selector for 
the automatization of rural areas. Standardized types of 
exchanges of unit construction of sizes 10, 20, 50, and 
100 subscribers lines then were designed in 1935, the 
crossbar being utilized in these unit exchanges as a step- 
by-step switch. Of these types of unit exchanges about 
1,200 were manufactured. In the beginning of the 1940’s 
a series of new and modernized standardized types of unit 
exchanges were developed, the series being restricted to 
only 40, 60, and 100 number sizes. Further, as special 
/complemental equipment was developed allowing the 
combining of a 100 number unit with another 40, 60, or 
100 number unit to give a combined unit exchange of 140, 
160, and 200 number capacity respectively. 

The unit exchanges are of satellite type without registers 
and they are over junctions connected to parent exchanges 
which, if automatic, are provided with registers. In 
later years the automatic parent exchanges are crossbar 
exchanges designed according to a marker system de- 
veloped in Sweden. Today, not fewer than 2,100 rural 
exchanges are automatized with unit automatic exchanges. 
_ To enable subscriber-dialed long-distance traffic, the 
- country has been divided into some 300 number areas, 
each allotted a 3- or 4-digit area code number. Each 
subscriber is given a 5- or 6-digit directory number. 

On signing a contract for telephone subscription includ- 
ing an individual subscriber’s line, the subscribers in 
Sweden have to pay an installation charge of 200 Swedish 
crowns, independent of the costs to the administration for 
connecting the individual subscriber, although in sparsely 
inhabited regions these costs may amount to considerable 
sums. The subscribers as a rule have their own individual 
line to the telephone exchange. 

In the automatized networks the subscriber pays a fixed 
charge, usually amounting to 86 crowns per annum, and 
an additional amount the magnitude of which depends on 
his outgoing traffic. All subscriber-dialed traffic is 
charged by means of registrations on individual subscriber’s 
meters, each registration step rating 6 dre. For calls be- 
tween subscribers connected to the same exchange only 
one registration is made on the meter. Other calls with- 
in the same number area cause a new registration on the 
meter every sixth minute. Calls between different num- 
ber areas cause a more frequent repetition of the regis- 
trations, for instance, every twenty-fourth second for dis- 
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Table I. Maintenance Times for Rural Unit Automatic Exchanges 


Number of Hours for Maintenance per Year 
Including Traveling 


Number Per 
of Visits For For Pre- In Con- Connected 
Type per Year Direct ventive junction Local Line 
of Unit for Fault Fault Mainte- with Other (10 Per Cent 
Exchange Clearance Clearing nance Visits Total Vacancies) 
(Rerooore bist ohaon Oat Sic omen DETR FS Sr 1 Be tot Won aan 0.8 
GO reratecaiarohe Sifoistsieters Sinacn capone AG ecgne ae ike MoO a Olele rel eterete 0.7 
UOMGosose oN NEY dente Ee cS Sere 40. cytaeers 2: Sipe aera: Ee yecciont OG 0.6 


tances between 45-90 km, and every twelfth second for 
distances between 180-270 km. 

In the unit automatic exchanges the subscribers’ lines 
are connected to finder switches and final selectors. Be- 
tween these switching stages, discriminating selectors are 
provided over which outgoing calls may be connected 
either to an idle junction for outgoing traffic or to a final 
selector in the caller’s own exchange. A preselecting stage 
is provided for routing incoming calls to the final selectors. 

For reasons of standardization, each type of unit exchange 
is provided with fixed numbers of switches. The different 
control relay sets are made easily removable from the unit 
racks and are provided with plugs for insertion in jacks 
in the racks. 

The rural exchanges are housed in standardized huts, 
which are prefabricated and delivered ready for assembly 
at the site of the exchange. At present the working times 
for construction of unit automatic exchanges are as follows: 
the 40 number unit. requires 1 or 2 working days, the 
60 number unit requires 2 or 3 working days, and the 100 
number unit requires 3 or 4 working days. Average values 
for the time required for the maintenance of unit auto- 
matic exchanges are stated in Table I. 


CONCLUSIONS 


HE crossbar selector has rendered possible great operat- 

ing reliability which is an indispensable requirement 
in connection with the automatization of unattended ex- 
changes. , 

By far-reaching standardization of the type of exchange, 
huts, and assembling methods, the cost of the plant could 
be kept down. 

For the subscribers in rural Sweden the. telephone 
automatization has resulted in decreased telephone rates 
for subscriber-dialed long-distance traffic and generally 
improved telephone service. 


Digest of paper 54-424, ‘“‘Rural Automatization in the Swedish Telephone System,” 
recommended by the. AIEE Committee on Communication Switching Systems and 
approved by the AIEE Committee on Technical Operations for presentation at the 
AIEE Fall General Meeting, Chicago, Ill., October 11-15, 1954. Published in 
AIEE Communication and Electronics, November 1954, pages 552-61. 
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An Electrifying Future 


Ww. V. O'BRIEN © 


HOSE of you in this 
| ee who have been 

exposed to the headlines 
made by Senator McCarthy 
during the last few years, 
and that should be an all-in- 
clusive reference, are no doubt 
also aware that, with all the 
references to the Fifth Amend- 
ment and_ constitutional 
rights, Senator McCarthy has certainly helped to arouse 
a new public interest in the U. S. Constitution. And 
while I appreciate that it is political dynamite to take 
any stand on Senator McCarthy, I think we can safely 
agree that, at least in this respect, a good purpose has been 
served. 

Certainly, it has been a reminder of a very great and 
thoughtful document; and my purpose in mentioning 
this today is to suggest that in your own American Institute 
of Electrical Engineers, you have another Constitution 
that deserves to be looked at, particularly as a reminder 
of purposeful direction. 

You may recognize the following words of your Constitu- 
tion. They are part of Article I, and they read: “Its 
object shall be the advancement of the theory and prac- 
tice of Electrical Engineering and of the allied Arts and 
Sciences.” 

No one would question this simple expression of objective. 
But the real question, and the one I should like to discuss 
with you today, is how we can bring full meaning to these 
words. This is indeed a big order, and one that can best 
be filled if we keep in mind a basic concept—namely, 
that the advancement of electrical engineering is a personal 
thing, based primarily upon individual attitudes and 
individual actions. By adopting this concept, we will 
give full rather than narrow meaning to our stated objec- 
tives. 

This also requires that the advancement of electrical 
engineering be accepted not only as an objective, but as a 
responsibility of the electrical engineer. It recognizes 
that no business is out to buy mass engineering, and at the 
same time it means that personal doing is the best and most 
direct road to personal satisfaction. 

With this basic ground rule in mind, I would like to 
suggest five paths by which we can make Article I of your 
Constitution a living, dynamic statement of purpose. 
And, in fact, I might better define these five things as 
superhighways rather than paths, for they will certainly 
provide a more comfortable, more satisfying, and faster 


Full text of an address presented at the AIEE Middle Eastern District Meeting, Reading, 
Pa., October 5-7, 1954. 
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Five ways to advance the electrical engineering 
profession are suggested: 
greatest security is in opportunity; building an 
economically sound engineering technology; 
broadening the engineers’ scope of activities; 
helping establish the true role of the sales engi- 
neer; and building public relations consistent 
with the dignity of the profession. 


O’ Brien—An Electrifying Future 


trip towards the advance- 
ment of the electrical engi- 
neering profession. 


recognizing that the 


important highway, then, 
is the recognition that our 
greatest security is actually 
the security of opportunity. 
This does not overlook the 
need for adequate pay, for 
social security, for pleasant working conditions, and many 
of the perquisites that have not become commonplace 
throughout much of industry. It does, however, call 
for viewing them in their proper perspective. Thus, most 
of our present-day perquisites can be classified in the same 
category with a good personal insurance plan that pro- 
vides basic security, and serves asa valuable anchor point 
from which we can strike out more boldly. 

The security of opportunity, is of course, a more dynamic 
thing, and one that has tremendous meaning to every man 
in this room. : 

What are these opportunities? Where do we find them? 
How can they be expressed? Well, we might look first 
at the Gross National Product, an accepted measure of 
the value of the nation’s goods and services—and a good 
index to our opportunities in a rather broad sense. Ad- 
justed to 1954 dollars to remove the inflation factor, we 
can note, for example, that just 10 years from now the 
Gross National Product is forecast for 490 billion dollars, 
or 123 billion dollars greater than last year’s figure. This 
won’t be a straight-line climb, of course, nor is it the only 
indicator of the opportunities that lie ahead. 

Let’s consider another yardstick that is more directly 
associated with our profession—the growth of the electrical 
manufacturing industry’s share in the Gross National 
Product. In 1925, this industry enjoyed about 1.75 
per cent of the total Gross National Product, while in 
1952 this had grown to 4.25 per cent of the total. And 
assuming no acceleration, just a continuation of the constant 
increase, the electrical manufacturing industry by 1964 
will account for 6 per cent of the Gross National Product. 

As exciting as are these prospects, I should make it 
clear that those of us in the electric-equipment manu- 
facturing business hold no exclusive rights to future growth 
and development. In fact, if any conclusion emerges 
clearly, it is that electrical growth and the growth of the 
electrical engineering profession can be achieved only 
through the close integration and co-operation of all 
components—the electrical utility, the electric equipment 
manufacturer, the industrial user of electric power, and 
soon. Reduced to simple terms, this means, for example, 
that our plans at General Electric depend considerably 
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upon those made by the electrical utility; and the utility, 
in turn, must plan according to the wants of the plants and 
people it serves. These interdependent relationships 
assume a high degree of importance, not only in the 
‘realization of electrical growth, but also in three major 
by-products of this electrical growth: a more secure 
nation; a more productive nation; and a constantly 
increasing standard of living, from which all of us gain. 

Our research men have added further validation to these 

Opportunities in terms of 
‘total sales of electric energy 
across the nation. In 1954, 
total kilowatt-hour sales will 
amount to some 411.5 bil- 
lions. But 10 years from 
now, this figure, they estimate, 
will reach some 900 billion 
kilowatt-hours, or more than 
double the present figure. 
. This staggering total, bear 
in mind, is not the result of 
some fanciful thinking, but 
is derived from the most 
objective studies we know how 
to make. In fact, to some 
of us, this total represents 
too conservative an outlook. 
For one thing, it does not 
and cannot reflect the use of 
electric equipments that are 
now only on the horizon or 
beyond. Rather, it is based 
upon the use of known 
products and known tech- 
nologies. And for another 
thing, history has shown that 
our friends in market research are often too conservative. 

To give you some idea of where these 900 billion kilowatt- 

_hours may be used, we might look briefly at the residential, 
commercial, and industrial customer of tomorrow. 

In the residential area alone, we can expect some 54 
million electric power customers, compared to some 
421/. million today. And by 1964, annual residential 
use of electricity will average more than 5,000 kilowatt- 
hours, more than twice the present average annual usage. 
In this electrifying future, residential customers will 
enjoy levels of lighting that will make many of today’s 
homes seem like dim reminders of the past. In the ap- 
pliance field, we will witness the widespread use of wall- 
mounted refrigerators, bringing about an entirely new 
concept of convenience, and using thin-wall vacuum 
insulation, ten times more efficient than other types in 
use. Similar advances can be expected in such appliances 
as food freezers, washers, dryers, and electric water heaters. 

New electronic ovens using high-frequency induction 
heating will cook frozen meats in a matter of minutes, 
while cooking utensils with built-in heating elements 
will be automatically and thermostatically controlled; 
and, with special insulation protecting the work surface, 
will be plugged in anywhere. 
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The fact that market saturation for some of the well- 
established appliances is already quite high—as is the case 
with refrigerators, for example—will be more than offset 
by new opportunities to sell dramatic product modifica- 
tions and improvements. 

Or take the air-conditioning field. Thanks to improve- 
ments and growth in resistance heating, room coolers, 
central air conditioners, and particularly the heat pump, 
the total weather-conditioning load will amount to some 
55 billion kilowatt-hours by 
1964, compared to only 3 
billion today. And even tele- 
vision, not always recognized 
as a significant power con- 
suming device, will make its 
mark upon the total elec- 
trical growth of 1964, with 
an indicated increase of 17 
billion kilowatt-hours over 
the next decade. 

The outlook for the com- 
mercial uses of electric power 
is no less exciting. The need 
for revitalizing many services 
in our cities will mean new 
electrification in such areas as 
street and recreational light- 
ing, modern rapid transit 
systems, new sewage treat- 
ment plants, and modern 
water supply systems. The 
outlook for future growth of 
the commercial electric load is 
also present in the downtown 
shopping areas, and in mod- 
ern office buildings which, 
by 1964, will use complete air conditioning, high-voltage 
fluorescent lighting, and modern high-speed elevators or 
escalators as standard practice. 

The huge new shopping centers which are already 
beginning to dot our countryside will house as many as 
60 businesses; and with well-lighted parking facilities, 
air conditioning, and other electric components, each of 
these new additions to suburban living will consume some 
15 million kilowatt-hours a year. 

In both city and suburbs, the nation needs more than 
700,000 new well-lighted classrooms in the next five years 
alone—just one more signpost of opportunity in the use 
of electric power for the years that lie directly ahead of us. 

Even closer to many of you are the growth factors in 
the industrial use of electric power. This involves such 
prospects as a 2,000-per-cent increase in the use of kilo- 
watt-hours for mining taconite; the increasing use of 
titanium and zirconium, produced electrolytically; and 
the development of other raw materials requiring further 
increases in the application of electric power. Productive 
efficiency in older established industries will call for the 
increased utilization of kilowatt-hours in the development 
of copper, aluminum, magnesium, and other raw materials. 

Or take a well-established industry like paper. The 
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total output of paper by 1964 will double that of today, 
with a corresponding 100-per-cent increase in electric 
power used. And in rubber, to cite another example, 
the increased use of heating extruders and ovens will 
account for some 6 billion kilowatt-hours in 1964. 

In many areas, automation, or continuous automatic 
production, will play a vital part in the continuing electri- 
fication of industry, and the increasing amount of horse- 
power per worker, with well over 90 per cent of that power 
being electric by 1964. 

I have cited only a few highlights of the prospects for 
electrical growth. The doubling of the electric load in 
the next 10 years would seem to justify the enthusiasm 
and interest of anyone connected with the electrical 
industry. To the electrical engineer, it has a particular 
meaning in effecting the advancement of his chosen pro- 
fession. 

Alongside this first highway of progress is a second one 
which spells out in boldface the obligation of the electrical 
engineer not only to help bring about this tremendous 
electrical growth, but to bring it about with maximum 
efficiency. Think of this: next year alone will see an 
increase of some 46 billion kilowatt-hours in total electric 
energy sales in the United States. Some of this growth 
is so nearly upon us that it reflects only the electrical 
engineering content of work done some time ago. But 
the rate at which electric power continues to grow in 
acceptance will depend heavily upon our ability to have 
it produced and used as an economically justified source of 
energy—whether it be for light, for heat, or for power. 

We may just as well face it—the electrical engineering 
profession is the key to the kind of electrical future we are 
discussing. To mention the opportunities that lie ahead, 
without at the same time pledging ourselves to the eco- 
nomical attainment of engineering technology, would do 
justice neither to the welfare of the nation nor the welfare 
of the electrical engineering profession. 

This, too, is a job for all of us who have a stake in the 
production and use of electric power and _ electrically 
powered goods. ‘The inseparable nature of economics and 
electrical engineering has its beginnings in the curricula 
of our schools and colleges. It becomes more meaningful 
in the industrial plant, including the plant of the electric 
equipment manufacturer, and in the engineering planning 
that must go into every branch of our great communications 
and electrical utility systems. 

In every case, the importance of economically sound 
technology is such that we might well consider a kind of 
Hippocratic oath for the electrical engineering profession 
which would state in unmistakable terms our obligation to 
advance tomorrow’s technology in terms of the reduced 
unit cost of the product. 

Now then, you will recall that Article I of your Con- 
stitution includes within its statement of purpose the 
advancement of the allied arts and sciences, as well as the 
advancement of electrical engineering itself. If we are 
to bring full meaning to this objective, we will want to 
look at the obligation of the electrical engineer to broaden 
the scope of his activities, in both his personal and his 
business life. This is the third great highway that leads 
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to the advancement of your profession. Particularly in 
this area, our basic concept of electrical engineering as a 
personal thing assumes great importance. : 

The responsibilities of the engineer to society have been 
debated long and arduously over the years. You are 
familiar with the school of thought which holds, on one 
hand, that the engineer or pure scientist should not be held 
accountable for what mankind does with the fruits of: his. 
labor; and you certainly have heard plenty from the 
opposite school of thought, which would have you devote 
so much time and effort to seeing that your brain child 
has proper upbringing, that you would have little or no 
time left to develop further new ideas. 

I wonder if a realistic appraisal does not suggest that 
neither extreme is the answer. You cannot be responsible 
for the universe and other things, but at the same time, 
you cannot afford to neglect the many ways in which 
you can contribute to society, and to your own advance- 
ment. From the standpoint of society, your education, 
experience, knowledge, and ability are all assets that are 
too valuable to leave untapped. The well-trained well- 
disciplined engineering mind has an almost unique ability 
to contribute to a wide area of social progress. Church 
groups, parent-teacher organizations, Boy Scouts, Com- 
munity Chest drives—all these and many more organiza- 
tions need your special ability—and if your obligations to 
them are a little greater than that of the average man, it 
is simply because you are not an average man. 

To be candid, let us admit that our score in this area 
has been less than perfect; and let us at the same time 
recognize that this obligation is not just to society, but to 
the advancement of the profession as well. The broaden- 
ing influence of extracurricular activities can contribute 
immeasurably to both our prestige and our personal 
satisfaction. 

The parallel in our business lives should be clear. Not 
long ago, the electrical engineer was generally limited to 
either the communications field, to machinery design, or 
to system design. What a change we have seen! Nowa- 
days, the electrical engineer has opportunities in electronics, 
nucleonics, appliances, lighting, system design, cybernetics, 
and dozens of other areas. As a matter of fact, the elec- 
trical engineer today has a prominent role in all the better 
publicized scientific and engineering activities. 

Today, too, the electrical engineer recognizes oppor- 
tunities for further broadening and growth, through a 
knowledge of marketing, finance, manufacturing, manage- 
ment, and other fields which bring him new-found recog- 
nition. 

In this connection, it is worth noting that the personal 
approach to electrical engineering does not suggest that 

“go it alone.” Rather, it means the acceptance of 
personal responsibility for progress, including progress 
through teamwork that can broaden our knowledge and 
understanding. The lonely engineering hermit may pro- 
vide an interesting approach to character study, providing 
someone discovers him, but at best, he will more often 
than not restrict the progress of both himself and his chosen 
field of endeavor. 

By contrast, as a fine example of team play, is your own 
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American Institute of Electrical Engineers. Now grown 
to almost 50,000 members, the AIEE serves as an invaluable 
medium for broadening engineering knowledge in a very 
real sense. How is this done? Through contacts with 
electrical engineers in your own field and in other areas; 
in your industry and other industries, and through social 


as well as business relationships. 


Now if you have been keeping score, you may have 
noted that we have discussed three highways leading to 


the advancement of electrica) engineering, and we stil] 


have two major roads to build. Well, with your experience 


in the Pennsylvania Turnpike, and ours with the New 


York Thruway, this shouldn’t be too difficult a task. 

Actually, the fourth highway is a new and important 
responsibility—the responsibility for helping to establish the 
sales engineer as an integral part of engineering achieve- 
ment. Believe it or not, we still run across those people 
who lack a thorough understanding of the sales engineer, 
and of the invaluable part he plays in the sale of electrical 
The producer-goods sales engineer is a well-trained 
well-rounded man, whose influence on our future well-being 
deserves the best support we know how to give him. 
Stepping out of my role for the moment, and into my 
position as general manager of our General Electric Appara- 
tus Sales Division, let me give you a brief blueprint of 
what we are shooting for in today’s sales engineer: not just 
a sound engineering background, but the perseverance of 
a newspaper reporter, the wisdom of an elder statesman, 
the tact of a diplomat, the enthusiasm of a teenager, the 
patience of a school teacher, and the broad shoulders of 
a country doctor. 

The sales engineer is an important communications agent 
in our profession. To sell is first to inform, and in this 
role, armed with the background of economically sound 
technology, the sales engineer can today carry both heavy 
and important responsibilities for his profession. 

During a recent conference with college placement 
officers, I was shocked to learn, despite all this, that we 
still have a big job to do in promoting a better under- 
standing of the sales engineer, particularly by engineering 
school instructors and professors. Through your student 
chapters, and through contacts with college placement 
officers, you, gentlemen, can perform a valuable service in 
helping to overcome this problem. 

So, let us consider this as the start of one more highway 
construction job, and approach the last of our five roads of 
advancement for electrical engineering. This one we 
might call the public relations turnpike, and it embraces a 
large area where we must continually weigh the dignity of 
our profession on one hand, with the need for good public 
relations on the other. The dangers of lost prestige and 
lost dignity are well known to you. The lawyers have 
had their problems with ambulance chasers, and the 
psychiatrists have had to reckon with “quackery” from 
time to time. 

Despite such problems, these well-recognized professions, 
like yours, have maintained a high level of professional 
dignity. Certainly, the legal profession does not crassly 
advertise its wares, nor can we find a physician who uses 
a sandwich man to advertise low-cost incisions. 
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And at the same time, they do have well prescribed means 
for bringing their professions to the fore. In law, this is 
accomplished through bar meetings and through organiza- 
tions like the Legal Aid Society. In medicine, it is accom- 
plished through the American Medical Association or to 
cite a most recent example, by means of the new smash 
television program, ‘‘Medic,’’ which carries the endorse- 
ment of the Los Angeles County Medical Association. 

In the case of the electrical engineering profession, I am 
a little concerned that we have not made the most of the 
opportunities for good public relations. We surely cannot 
afford to let the professional dignity blind us to the need 
for sound public relations and proper recognition. 

We have seen novels, plays, biographies, and motion 
pictures about country doctors and country lawyers, but 
not very many about Sam Jones, electrical engineer. 
Now, this brings up a very pertinent point. An associate 
of mine recently stressed the fact that the time is long over- 
due for recognizing the contributions of the engineer to 
society. With this I would certainly concur. But I 
would go a step further and say that it is also our obligation 
as engineers to help bring about this recognition. 

Part of the job we can accomplish through the broaden- 
ing process I have previously discussed. A great deal more 
can be accomplished if we make sure that we are a little 
more articulate. Among ourselves, we write and speak a 
technical language that is both fitting and proper. But 
when we are writing and speaking to our wives, our families, 
our church groups, our chambers of commerce, and to the 
public at large, we have an urgent need to get our story 
across in terms that have real and sometimes fascinating 
meaning. ‘This is a project that should not and cannot be 
done by interpreters, magazine editors, or others. And 
it is a project that will enhance rather than reduce our 
dignity. If there have been too few novels or articles about 
the electrical engineer, is this truly the fault of the public 
or the writers, or could it be that we have not done all we 
could to get our story across? 

Then too, are we taking advantage of the opportunities 
for recognition of the electrical engineer in the newer 
popular sciences of cybernetics, electronics, and nucleonics? 
Perhaps many people would be surprised to know, for 
example, that in the field of nucleonics, electrical engineers 
constitute by far the largest single professional group. 

The problem rests with us both as individuals, and as 
members of the many businesses that are closely concerned 
with the use of electric power. Let me cite a further ex- 
ample of the meaning of public relations. 

During Hurricane Carol, both the telephone companies 
and the electrical utilitiesdid a magnificent jobin maintaining 
service and in restoring outages in record time. The 
telephone company emergency units, so identified, with 
red flags flying, roared down the road to the hard-hit areas 
in a cavalcade of trucks under motorcycle police escort. 
There was no question in the public mind about the fine— 
and yes—exciting job they were doing. The electrical 
utilities might well have shared some of this same public 
understanding, for their contributions were equally im- 
portant, but the point is that the public was not nearly as 
aware of the job they were doing. 
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And so, I hope we can build all these highways that lead 
to the advancement of the electrical engineering profession: 
recognizing that our greatest security lies in the oppor- 
tunities that lie ahead; building an economically sound 
engineering technology; broadening the scope of our activi- 
ties; helping to establish the true role of the sales engineer; 
and building public relations consistent with the dignity of 
our profession. 

Let us resolve to build superhighways of progress, not 


4 


just some back-country roads; and in so doing, let us 
remember that the by-products of great responsibilities are 
great benefits that are rapid with new and _ higher levels of 
security, dignity, and tremendous personal satisfaction. . 

Article I: “Its object shall be the advancement of the 
theory and practice of Electrical Engineering and of the 


allied Arts and Sciences.” Through the fulfillment of 
these purposeful words, all of us can share an electrifying 


future. 


Organization and Management of an Atomic 


Power Study 


T. G, LECLAIR 
FELLOW AIEE 


HOULD a specific com- 
pany start a new manu- 
facturing business _ re- 

lated to atomic energy? 
What will be the effect of 
atomic energy on a specific 
business at present in a competing field? When should a 
utility invest in the construction of nuclear power facilities? 
These and similar questions are of importance to manage- 
ment because of the far-reaching nature of atomic energy. 

Atomic energy is inherently big business. The govern- 
ment has spent billions of dollars on its development, most 
of which, of course, has been for military purposes. 
Probably the future will bring more important uses of 
nuclear fission as a source of heat for electric power, but 
this will not come overnight. Even the learning and 
appraisal stage of nuclear fuel in the power industry is a 
costly venture. It takes organization just to obtain a 
sound answer as to when and how to start building a 
practical power plant. 


HISTORY 


ais: Atomic Energy Act of 1946 made everything 
related to atomic energy practically a government 
monopoly. Charles A. Thomas of the Monsanto Chemical 
Company should be commended for having proposed to 
the Atomic Energy Commission in 1950 that industry be 
permitted to form study teams, to have access to the 
laboratories and the secret information where necessary 
in order to determine whether practical and economic 
industrial uses could be found for nuclear fission. As a 


Full text of a conference paper presented at the AIEE Fall General Meeting, Chicago, 
Iil., October 11-15, 1954. 


T. G. LeClair, past president AIEE, is assistant to the vice-president, Commonwealth 
Edison Company, Chicago, Ill. 


1068 


A description is presented of the way one of the 

original four industrial teams, formed todetermine 

whether practical and economic industrial uses 
could be found for nuclear fission, operated. 
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result of this proposal, four 
industrial study teams were 
formed. They were the 
Monsanto Chemical—Union 
Electric, the Dow Chemical-— 
Detroit Edison, the Pacific 
Gas and Electric—Bechtel Corporation, and the Common- 
wealth Edison—Public Service teams. The stated objectives 
in the agreements with the Atomic Energy Commission 
signed by the different groups were: 


1. To determine the engineering feasibility of their 
designing, constructing, and operating a materials and 
power-producing reactor. 

2. ‘To examine the economic and technical aspects of 
building this reactor in the next few years. 

3. To determine the research and development work 
needed, if any, before such a reactor project can be under- 
taken. 

4. To offer recommendations in a report to the Com- 
mission concerning such a reactor project and industry’s 
role in undertaking and carrying it out. 


Each of these teams approached the problem in a some- 
what different way due in part to the nature of the com- 
panies comprising the partnerships. One of these teams, 
the Commonwealth Edison—Public Service, handled the 
organization problem in the following way. This team 
had essentially two objectives: One was to carry out the 
work in the agreement with the Atomic Energy Com- 
mission as just mentioned. The other—equally important 
——was to develop and train men, especially those who 
were essentially utility men, so that when nuclear power 
plants were feasible they would have the background and 


training to design, construct, and operate such power 
plants. 


ELECTRICAL ENGINEERING 


STARTING THE FIRST STAFF 


; {hee project was launched by assembling a list of possible 
candidates for the group and then selecting electrical 
engineers, mechanical engineers, electronics specialists, 
power-plant designers, and a financial specialist. In 
all, ten men already employed by the companies were 
selected and two consultants were added to complete the 


+ team. 


Pa 


Q CLEARANCES 


HEN came the task of obtaining security clearances 
for all of these people. Under the Atomic Energy 
Act, one is not permitted access to classified material nor 


_.allowed to receive and store such essential information 


until investigated and certified. Getting personnel cleared 

‘and a facility established takes several months. While 
awaiting Atomic Energy Commission approvals, work was 
‘confined to the examination and discussion of whatever 
unclassified material was available, including a review 
_of the basic principles involved. 

Fortunately much of the information necessary for a 
preliminary survey of the prospects for atomic energy was 
available in unclassified literature. Consequently, the 
time was well spent during the waiting period. The 
unclassified literature available today is much more valu- 
-able than it was then. 


INDOCTRINATION 


am make best use of both time and available informa- 
tion the services of a very well-qualified physicist 
and reactor engineer were obtained. He conducted a 
most thorough and enlightening course in nuclear physics 
and reactors for the entire group. 


THE FIRST GROUP 


HE nucleus of the organization was set up in accordance 

with Atomic Energy Commission recommendations, 
providing a project manager, a technical director, and a 
project secretary. By the time clearances were approved 
and the offices were declared a secure facility, the team 
was partly organized and had been sufficiently indoctri- 
nated in atomic theory to enter promptly into the study 
of the secret documents. 

It would be difficult to exaggerate the help obtained 
at this stage from the Chicago Operations Office of Atomic 
Energy Commission. They might have merely said, “You 
can read the technical information.” Instead, they 
provided information concerning which laboratories and 
which persons could be the most helpful and arranged 
visits to four laboratories as soon as clearances were ob- 
tained. They then arranged proper introductions and 
saw that the group was able to get the information neces- 
sary to get the study under way. 

It was also most fortunate to have one of the great 
national laboratories in the territory. The Argonne 
National Laboratory specializes in the reactor field and 
has built and operated several reactors. This laboratory 
not only provided access to their library and research 
facilities, but spent many hours making available the 
benefits of their experience in this field. 
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MANAGING THE FIRST GROUP 


Nl of the early group was very simple. This 
was no doubt due to the guidance of the consultants 
and Commission advisors, to the fascinating nature of the 
work, and to the good working relationships of the personnel 
who were well acquainted with each other. The technical 
director acted as the co-ordinator to insure that all phases 
of the design study received attention. However, security 
measures and the development of security consciousness 
did require constant direction and diligent surveillance 
through many months. It was not too easy for a group 
of people accustomed to free exchange of information 
and enthusiastic discussion of engineering activities to 
“clam shut” all of a sudden. The business of making 
formally sure the person you are talking to is ““Q” cleared 
and then discussing only that information which he has 
“a need to know” requires the development of new and 
deliberative habits to avoid conflict with very definite 
laws and clearly defined directives. The 1954 law has 
not relieved this restriction. 


SECOND GROUP 


Co of the first two reports by the Common- 
wealth Edison—Public Service team indicated enough 
promise to show the need to carry on the study of other 
reactor designs and to develop and train additional men. 
It was therefore decided to return most of the first group 
to other activities and to train a new group. Interest 


in this activity was so great that choice of men was not 
easy. Finally 18 men were picked and given an un- 
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classified 8-week training course, after which examinations 
were held to pick the men for the second group. It is 
expected that this practice of putting new talent into the 
group will continue, although it will be done by substituting 
one or two men at a time instead of by the platoon system. 


REPORTS TO THE COMMISSION 


od ba study team reported to the Commission on three 
possible reactor designs. Willis Gale, Commonwealth 
Edison Company chairman, stated that one of these 
designs had possibilities of making electric energy for about 
1 cent per kilowatt-hour. He further stated that if the 
Commission felt it would be in the public interest to do so, 
the Company might be willing to undertake the task with 
a suitable division of cost between government and in- 
dustry. About this time the Commission rightly decided 
that any co-operation between industry and government 
would have a broader base if more than one company 
took part in a possible program of construction. The 
original Dow—Detroit group expanded to become a team 
of some 28 companies. Later, the Commonwealth Edison 
Company joined four other companies to form the Nuclear 
Power Group. In the meantime, the original Common- 
wealth Edison—Public Service ‘team had been reduced 
to one company by the merger of Public Service Company 
into Commonwealth Edison Company. 


FORMATION OF NUCLEAR POWER GROUP 


HE five top executives of American Gas and Electric 

Service Corporation, Bechtel Corporation, Common- 
wealth Edison Company, Pacific Gas and Electric Com- 
pany, and Union Electric Company of Missouri met and 
agreed that a joint study team was desirable and agreed 
to request formal permission of the Atomic Energy Com- 
mission for the formation of the group. They felt that 
the importance of this new development was so great that 
the basic management and policy setting should not be 
delegated. Therefore, the project management came 
under the following executive committee: 


Stephen D. Bechtel 
James B. Black 


President, Bechtel Corporation 

President, Pacific Gas and Elec- 
tric Company 

Chairman, Commonwealth 
Edison Company 

President, Union Electric Com- 
pany of Missouri 

President, American Gas and 
Electric Service Corporation 


Willis Gale 
J. W. McAfee, Chairman 


Philip Sporn 


These companies proposed to the Commission the 
formation of a 5-company group, having as its objective 
the following three steps: 


1. To select an electric-power-producing reactor design 
and to make a preliminary economic appraisal of it. 

2. To prepare a complete detailed design for the con- 
struction of a nuclear power plant and to make a final 
evaluation of the technical practicability and economics of 
financing, constructing, and operating the plant so de- 
signed. 
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3. To prepare and submit to the Commission a pro- 
posal for the financing, construction, and operation of a 
nuclear power plant on the basis of such final design, 


and upon acceptance by Atomic Energy Commission, to. 


proceed with the project. 


After the Commission had indicated consent to formation 
of this study team, the first step was to select an operating. 
committee which would be responsible for the basic 


design and economic estimating phase of this study. This 
committee is essentially responsible for recommending the 
type and size of reactor plants to be designed and for 
selecting the full time staff to carry out the work. Mem- 
bers of the operating committee were chosen who have 
responsibilities in their own companies that include de- 
cisions on engineering policy. While they do not devote 
full time to this project they meet at intervals of 4 to 6 


weeks to insure that the wishes of all five companies are 


co-ordinated and that the project runs smoothly.. 


STAFF ORGANIZATION AND COST DISTRIBUTION 


HE full-time staff selected by the operating committee 
a in a Chicago headquarters under the direction of a 
project manager. Outside consultants are used to some 
extent, but there are at present no laboratory experiments 
under the jurisdiction of the staff. 

The five companies have agreed that each member of 
the staff will remain on the payroll of his respective com- 
pany. In keeping with the principle of using the staff 
activity to train a substantial number of individuals, some 
of the men may not spend more than a year on the assign- 
ment. Further, this arrangement permits each man to 
maintain his full pension rights and place in his regular 
organization. Seniority and position in the individual 
companies are, however, completely subordinated to the 
consideration of carrying out the task at hand. 

It has been found desirable to have a relatively flexible 
organization so that changes could be made quickly as a 
change is made from one type of reactor design to another, 
or to meet requirements if the work should need to be 
expanded or decreased. Some of the companies have 
taken top-notch present employees and made them nuclear 
engineers. Others have gone outside their organization 
to obtain highly qualified specialists in the nuclear field. 
This combination insures a stable working team with a 
frequent infusion of new ideas. In practice, selecting men 
is not too easy as nuclear power plant design requires 
work in more than 15 specialized fields, such as mechanical 
and electrical engineering, physics, and chemistry. 

The total costs of this study group are shared equally 
by the partners. This is accomplished by cross billing the 
amounts by which partners are over or under the average. 


FACILITIES AND WORKING ARRANGEMENTS 


ECURITY requirements make it necessary to provide 
document control, restrictions on access to the work- 
ing space, and suitable protection for classified documents 
at all times. Consequently it was necessary to set up an 
office arrangement with facilities to keep such material 
under lock and key and to provide guard service. 
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This. 


requirement would have been a greater economic burden 
if fewer companies were engaged in the study. 
The present studies of this team are to a considerable 
extent devoted to the design of two types of reactors. 
One of these is based on the boiling reactor principle, 
developed by the Argonne National Laboratory. A 
‘small reactor of this design is scheduled for construction by 
_the Laboratory as a part of the Commission’s 5-year pro- 
gram. ‘The other reactor being studied is the homo- 
_ geneous type developed by the Oak Ridge National Lab- 
oratory, which is an expansion of the homogeneous reactor 
experiment now being rebuilt at Oak Ridge. For both of 
these designs the laboratories have been most helpful and 
have permitted the interested men to visit with their 
specialists and to see the tests and experiments being con- 
‘ducted by the laboratories. 
Many equipment manufacturers assist by furnishing 
design data on the many components which go to make up a 
nuclear power plant. On the boiling-reactor design, for 
example, the General Electric Company is currently de- 
voting about as much time to reactor component de- 
sign as the Nuclear Power Group has been devoting to 
the over-all plant design. In other instances, manu- 
facturers have supplied design and cost data on heat ex- 
changers, pressure vessels, and even fuel elements. Such 
co-operation contributes to the entire nuclear power field as 
well as this study. 


THE FUTURE 


HE work described to date is only that included in the 
first step of this program; that is, the preliminary de- 


sign stage. ‘The results of this step will determine whether 
to go on to the second step, which is the complete detailed 
design ; and to the third step, the construction and operation 
of a full-scale nuclear power plant. Obviously the organ- 
ization will be expanded if and when these two steps mate- 
rialize. 

It will probably be necessary to activate a corporation 
for the second step and, certainly, for the third step in order 
to raise the necessary capital and to let contracts for research 
and engineering services for equipment and construction of 
the power plant. The type of organization necessary for 
the subsequent phases will depend on many questions which 
cannot be answered at the present time. Such a plant 
may make power only and may be owned by a number of 
partners. The financing might include some government 
as well as private funds. A chemical plant may or may not 
be required in connection with the power plant. The 
nature of organization for these steps will, of course, follow 
more nearly the conventional pattern for a power company. 

A study team managed by five equal partners has its 
problems, especially with the five partners scattered from 
New York to San Francisco. However, the results ob- 
tained have been a pleasant surprise. Frequent trips and 
phone calls on the part of the managements have helped 
to keep all policy decisions unanimous. The intense in- 
terest of all the staff in this fascinating problem has speeded 
up the adjustments due to relocating families and chang- 
ing to a completely new field of work. 

The goal is still some distance away, but so far the 
5-horse team has pulled smoothly through the mixture of 
politics and science. 


New Sound Laboratory Has World’s Largest Anechoic Chamber 


A new $1,500,000 sound laboratory with the world’s 
largest anechoic (without echoes) chamber was officially 
dedicated recently by the General Electric Company’s 
power transformer department at Pittsfield, Mass. 

It is to be used for studying the sound of power trans- 
formers. With the new facility, General Electric hopes to 
eliminate the problem of transformer noise. ‘Transformers 
‘rated 500,000 kva or higher (larger than any being built 
today) can be tested in this laboratory. 

Major part of the sound laboratory is the anechoic 
chamber, which is about as high as a 4-story building. 
More than 12,000 fiberglas wedges completely cover the 
floor, ceiling, and walls of the room. 

Built to the specifications for a 30-40-db ambient sound 
level, tests have shown the sound level in the anechoic 
chamber to be less than 20 db. Measurements, accurate to 
a fraction of a decibel, will detect even the smallest improve- 
ment in transformer sound characteristics. 

The anechoic chamber, besides being echoless, is also 
protected against radio frequencies. A total of 20,900 
pounds of copper sheeting was used to line the room so that 
tests can also be made on transformers for radio and tele- 
vision interference. 
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TEN FOUNDING FATHERS OF THE ELECTRICAL SCIENCE . 


IX. JOSEPH HENRY 


on electromagnetism and telegraphy 


BERN DIBNER 


FELLOW AIEE 


Joseph Henry independently discovered electromagnetic induction, the self-induction of an 

electric surge, and the oscillatory nature of discharges; he constructed the first operative tele- 

graph. The best known physicist of his time, he was appointed first secretary of the Smithsonian 
Institution in Washington, D. C., in 1845. 


HE ELECTRICAL contributions of Joseph Henry 
were many; three were of primary importance. The 
first of these was the discovery of self-induction, the 
second was the construction of a practical electric tele- 
graph, and the third, the de- 
termination of the oscillatory 


pere’s simple magnet by winding a wire carrying current 
about an iron, horseshoe-shaped bar. He did this by cover- 
ing the iron bar with insulating varnish and winding a 
bare, copper helix upon it. Henry, in 1829, exhibited his 
improved horseshoe magnet at 
the Albany Academy. It was 


nature of lightning and the a 


made by coating the wire with 


discharge from a Leyden jar. 


insulating material, thereby 


It was at the Albany (N.Y.) 
Academy that Henry, with- 
out a knowledge of the experi- 
mental discoveries of Faraday, 
carried out experiments in 


electromagnetic induction, 
using electromagnets. In 
other experiments Henry 


transformed electric into me- 
chanical energy by construct- 
ing an electric motor of novel 
design. He balanced a straight 
iron bar (on which an electro- 
magnetic coil had _ been 
wound) on knife edges upon 
which rested trunions set in 
the bar’s center. Below the 
electromagnet a bar magnet 
was placed so that the north 
poles faced in the same direc- 
tion. Two batteries, one at 
each end of the electromag- 
net, were connected to their 
respective coils and equiva- 
lent pairs of leads terminated 
each coil end. When one 
end of the bar was depressed 
the coil was energized and thereupon moved up at the same 
time reversing the current and depressing the other coil 
which became energized. Thus a rocking motion was given 
to the bar electromagnet. 

William Sturgeon in London, in 1825, improved Am- 
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enabling him to wrap the coil 
much closer. Further, he 
polished the end faces of the 
iron magnet and added an 
armature to bridge the gap 
between these faces, thereby 
closing the magnetic circuit. 
An additional improvement 
consisted of winding the mag- 
net with multiple layers of 
windings. Henry thereby 
built up two classes of mag- 
nets—those having a few turns 
of wires with large cross sec- 
tion and those having many 
turns of fine wires. The 
former he called quantity mag- 
nets, the latter intensity mag- 
nets. With these ~ differing 
constructions Henry was able 
to demonstrate Ohm’s law. 
which first was announced in 
1827. 

In another step in the study 
of the character of induced 
currents, Henry wound twe 
coilson a common toroid form, 
One coil consisted of a few turns of heavy copper wire 
insulated with a coating of black enamel paint. The other 
coil was wound upon an insulating covering of the first and 
it consisted of many turns of fine wire. With this assembls 
Henry could deliver currents of high intensity (voltage) o1 
high quantity (current) by selecting the proper relationshir 
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of the number of turns of the coils, thus inaugurating trans- 


_ former design. 


The step from scientific curiosity to engineering was made 


with a magnet that Henry built at Albany. This, a horse- 


shoe magnet, was only 91/2 inches high, had an iron core 2 
inches square, and weighed 21 pounds. Upon this bar were 
wound nine coils of wire, each of 60-foot length. These coils 
had terminals that could be connected in series or in paral- 
lel. With current in the coils it was found that a 7-pound 
armature, fitted to the pole faces, could lift a weight of 650 


_ pounds, an astonishing demonstration for that time. 


capable of holding a weight of 3,600 pounds. 


_ then was fastened to the poles. 


In 1832, Henry moved to Princeton University as profes- 


‘sor of natural philosophy, the term then still used for sci- 


ence. Here he constructed his largest electromagnet, one 
With this 
large magnet Henry generated induced electric currents. 
He covered a piece of copper wire 30 feet long with insulat- 
ing varnish and wound this about the iron armature which 
The terminals of this smaller 
coil were attached to a galvanometer while the termi- 
nals of the coils of the large magnet were attached to the 
dry plates of a voltaic battery. At a signal from Henry the 
plates were plunged into a vessel of dilute acid. At the 
instant of immersion the galvanometer needle deflected 
30°, indicating the generation of an induced current in the 
armature coils. After an instant the needle returned to 
zero. Withdrawing the battery plates from the acid pro- 
duced a motion of the needle in the opposite direction but 
of lesser intensity. In his paper Henry also announced his 
discovery of self-induction. This occurred when he broke a 
circuit consisting of a battery and a long wire, especially 
one wound into a coil form, whereupon there appeared a 
long spark at the break points. Henry believed that the 
long wire became charged in some manner while the cur- 


rent flowed; a break in the circuit caused a reaction on 


itself with resulting spark. 

While still at Albany, Henry constructed a Miata con- 
sisting of more than a mile of wire stretched about a room 
at the academy. At one end of this long circuit he placed a 
bar magnet, one pole of which was planted between the 
legs of a horseshoe magnet. When the circuit was closed 
the magnetic coil was energized and caused the bar magnet 
to shift horizontally, thus striking a bell with its farther end. 
A later modification caused dots to be placed on a coil of 
moving paper. A code of rings or dots was related to the 
alphabet, thereby providing a practical electric telegraph. 

Henry extended the experiments of Faraday in the mu- 
tual induction of two adjacent coils to spaces between them, 
bordering on radio communication. He presented a paper 
in 1838, “On the Induction of Secondary Currents at a 
Distance.”? In these experiments Henry placed two coils, 
one 4 feet in diameter and a small secondary coil of many 
turns of fine ware, at varying distances up to 4 feet apart. 
He then had an observer take a second coil into an adjacent 
room and managed to communicate signals to him. In 
1842 Henry magnetized steel needles by discharging a bat- 
tery of Leyden jars into an aerial which was placed several 
hundred feet away from his telegraph line on the Princeton 
campus. 

Henry studied lightning discharges by their magnetic 
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effect on steel needles. He used the metal roof of his labora- 
tory as an aerial by soldering a wire to it and leading this 
wire into the laboratory, through a magnetizing coil, and 
then grounding the wire in a deep well. He found that even 
distant lightning flashes magnetized the needles, sometimes 
in opposite polarity. This led him to the conclusion that 
lightning discharge was oscillatory in character, similar to 
that from Leyden jars. He also studied Leyden jar dis- 
charges by using a glass cylinder with a helical strip of tin- 
foil pasted both outside and inside of the cylinder thereby 
producing a true transformer. A needle placed in the coil 
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Henry’s apparatus for testing electromagnets: a is the magnet, 
b and c the adjustable voltaic cell 


of the secondary became unevenly magnetized when a 
Leyden jar discharge was sent across the primary, again 
proving the oscillatory nature of the discharge. 

At Princeton in 1836 Henry constructed a telegraph 
across the campus using two wells for the ground return. 
Through this circuit he sent signals from his home to his 
laboratory. He also adapted the telegraph receiver 
mechanism to act as a relay for closing a secondary circuit. 
When the primary electromagnet caused a counterbalanced 
arm to be brought down to the magnet poles, the outer end 
of the arm caused a wire to dip into a pool of mercury, 
thereby closing the secondary circuit. The relay principle 
found very wide use in telegraphy and in other circuit- 
closing mechanisms. 

Henry was appointed the first secretary of the Smith- 
sonian Institution in 1845, a position in which he established 
the practice of reporting meteorological changes throughout 
the country by telegraph. Henry was hesitant in publishing 
his observations and thereby lost priority on several of his 
most important discoveries. He applied for no patents and 
sought no monetary rewards. He stated: ‘The only re- 
ward I ever expected was the consciousness of advancing 
science, the pleasure of discovering new truths and the sci- 
entific reputation to which these labors would entitle me.”’ 
A fire that occurred in his office at the Smithsonian in 1865 
destroyed all of his early papers; otherwise, Joseph Henry, 
the best known physicist of his time, would be more widely 
known today. Meeting in Chicago in 1893, the Inter- 
national Congress of Electricians established the “‘henry”’ 
as the international unit of inductance. 
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Aircraft Switch Testing | 


TR. STUELPNAGEL 


ASSOCIATE MEMBER AIEE 


Factors determining switch merit such as insula- 
tion, contact operation, peak voltage transients, 
and switch mechanisms are considered. Simu- 
lation of inductive loads is also discussed as a 
means of obtaining more realistic test results. 


T has been stated that the only real obstacle to push- 
button warfare is the design of an adequate switch. 
Unfortunately, aircraft switch design and application 

has lagged behind the needs of the industry. One of the 
most effective ways to shorten this lag is to learn more 
about switches and switching problems as the required per- 
formance and reliability are not always achieved by 
present aircraft switch designs. This discrepancy is not due 
to the difficulty of the problems involved. Equipment en- 
vironment requirements as well as weight and space limita- 
tions can generally be designed to the very optimum of 
refinement, given sufficient time. It is the dynamic, 
constantly changing nature of the aircraft problem that 
is the principal factor in producing the variance between 
the qualities desired and qualities achieved. Standards 
that were considered impractical or impossible yesterday 
are achieved today, only to face even higher standards for 
tomorrow. The difference between production design 
performance and present design objectives may, therefore, 
be regarded as principally a phase difference, often un- 
avoidable with such rapidly changing environmental and 
performance objectives. While the need for  higher- 
performance equipment is recognized in the aircraft fields 
of power generation and power application, it is not always 
apparent that aircraft circuit interruption and closure 
equipment is regarded with the same degree of seriousness. 
This condition, of course, will correct itself in due time, 
but it is suggested that the present time may be a period 
where this phase lag between production switchgear and 
the anticipated requirements of aircraft design is likely to 
be especially large and critical. Therefore, a discussion of 
switch evaluation and testing techniques may be timely. 

In addition to changing environmental requirements of 
lower pressures and higher temperatures, aircraft switch 
design and testing procedures are likely to be strongly 
affected by: 


1. Accritical need for greater reliability. 
2. ‘The circuit interruption transient voltage problem. 


Damage from peak voltage transients that cannot be solved 


Full text of paper 54-352, “Comments on Aircraft Switch Testing,” recommended by the 
AIEE Committee on Air Transportation and approved by the AIEE Technical Opera- 
tions Committee for presentation at the AIEE Fall General Meeting, Chicago, III, 
October 11-15, 1954. Scheduled for publication in AIEE Communication and Electronics, 
1954. 
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J.P. DALLAS 
MEMBER AIEE 


yy 
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entirely by improved insulation poses a severe hazard to 
high-altitude operation and control of inductive aircraft 
electric equipment. It may not be practical to increase 
surface insulation creepage distances sufficiently to provide 
safe extreme-altitude operation for the several thousand- 
volt inductive circuit interruption transients now gen- 
erated by present switch designs.! 


j 


RELIABILITY REQUIREMENTS 


NCREASED reliability is needed in aircraft switchgear if it 
I is to keep pace with aircraft advancement. Insulation 
test requirements are an example. For aircraft electric 
switches and other equipment, these insulation require- 
ments are considerably below the insulation test require- 
ments of either the electrical industry or the Underwriters 
Laboratory. The electrical industry and Underwriters 
Laboratory both require high-potential tests in excess of 
1,000 volts rms, 60 cycles, to meet minimum safety require- 
ments even for household equipment. Much aircraft 
electric equipment is tested to only 500 valts rms, 60 cycles. 

High over-all system reliability requires a very high 
reliability of the individual components of the system. For 
example, if there are one hundred switches on an airplane, 
all of which must operate correctly to complete a military 
mission, then to have a probability of failure of one switch 
out of one hundred flights means that this hypothetical 
airplane must be equipped with switches that have a life 
expectancy of 10,000 operations without a malfunction. 
Testing and inspection procedure to ensure such a degree 
of reliability represents a considerable change from present 
practice. 

Positive operation contacts are essential in switches where 
high reliability is needed. Switches that limit the travel 
of landing gear actuators or gun turrets are specific ex- 
amples. Failure of such switches to open can result in 
serious mechanical damage to the airplane. The fire 
hazard of the resultant stalled motor must also be con- 
sidered. In aircraft switches the emphasis has been placed 
on snap-action contact separation with little effort expended 
in providing positive mechanical follow-up on these snap- 
action mechanisms that could, in an emergency, open the 
contacts with the many pounds of force available in the 
typical operating device instead of the few ounces of force 
available in the typical snap-action mechanism. Snap- 
action contact separation may be desirable from an elec- 
trical standpoint, however, mechanical follow-up on the 
snap action is essential to really reliable switch operation. 


INDUCTIVE CIRCUIT SWITCHING TRANSIENTS 


See thousand-volt inductive surges may result when 
a circuit is interrupted to inductive aircraft equipment 
such as solenoids, relay coils, motors, etc.1 These voltage 
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transients in excess of 1,000 
volts for 28-volt aircraft equip- 
ment appear as a severe volt- 
age stress to the insulation of 
theswitch, aswell as the equip- 
ment generating the surge. 
Fig. 1 is intended to illus- 
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trate this condition. Normally Fig. 1. Voltage stress 
the instantaneous breakdown caused by circuit interrup- 
impedance of the switch foe 


gap during circuit interrup- 

tion determines the value of 

peak voltage generated. However, with aircraft equip- 
ment insulated and tested to only a 500-volt rms, 60-cycle, 
high-potential test, it often happens that the transient volt- 
age damages insulation in the equipment or switch before 
it can be harmlessly dissipated in the switch gap. Meas- 
urements demonstrate that circuit opening voltage tran- 
sients are as severe in 28-volt aircraft equipment circuits as 
in higher-voltage systems with similar equipment. 

Circuit interruption time may be a critical factor in 
aircraft switch application. Consideration of the ex- 
pression for the emf of self-induction: e = —(L di/dt + 
i dL/dt) where e = transient voltage, L = inductance, 7 = 
‘current, and ¢ = time, will show that the potential voltage 
stress of the switch and equipment insulation is proportional 
to the instantaneous rate of change of current and in- 
_ductance. 

Therefore, it is not enough just to limit total interruption 
time to some reasonable figure. For example, it is com- 
“monly recognized that when the total circuit interruption 
time approaches a millisecond or less per ampere of inter- 
rupted load, destructive voltage transients will occur. 
This is a condition found only in the gross misapplication 
of switchgear such as the ill-considered use of vacuum, oil, 
or solid dielectrics in the gap of rapid action switches. 
However, a much more common and critical, though 
seldom recognized condition, is the fact that voltage tran- 
sients of several thousand volts may occur in a circuit with a 
total interruption time of many milliseconds per ampere. 

These high-voltage transients are caused by discontinuity 
near the end of the interruption cycle. Fig. 2 is a typical 
representation of voltage and current conditions during 
circuit interruption. It is to be noted that the sharp current 
discontinuity near the end of the interruption cycle pro- 
duces the principal voltage rise. 

This final microsecond discontinuity in a total interrup- 
tion cycle of several milliseconds is the cause of an insulation 
puncturing spike. This is not an exceptional condition. 
It is the typical result of present switch and circuit design. 
The factors controlling the value of this transient are many. 
While a quantitative study has not been made, it can be 
stated with some certainty that in common aircraft in- 
ductive circuits, the values of inductance—as is commonly 
measured—and resistance are of less importance than the 
following three factors in determining the peak value of 
such transients: 


1. Dielectric losses. 


2. Core losses. Since such transients are of high fre- 
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quency and contain little total energy, the peak value is 
considerably affected by both core and dielectric losses. 
The substitution of a laminated for a solid core has been 
noted to more than double the peak voltage measured. 

3. The velocity and length of the switch gap during the 
terminal-spike forming part of the interruption cycle. 


HIGH POWER SWITCH INSULATION 


HE insulation of primary-power switching gear raises 

a serious problem where high-current faults are possi- 
ble. T. J. Martin and R. L. Hauter? call attention to the 
fact that phenolic materials and many other commonly used 
insulating materials have a tendency to burn vigorously and 
to contribute, extend, and reinitiate power arcs. Switch- 
gear terminals and contact assemblies connected to main 
buses and/or high-capacity generator feeders can become 
involved in this very serious hazard. The above-mentioned 
discussion indicates that standard American Society for 
Testing Materials insulation arc resistance test methods 
may not be adequate to cover all aircraft conditions. 
Only 400-cycle 115/200-volt aircraft systems of 60 kva 
capacity or higher are considered in this study. The hazard 
arises not so much from normal circuit operation as from 
abnormal or accidental conditions. A misplaced piece of 
safety wire, loose terminal connections, floating washers, 
and even tools, inadvertently left near or in junction boxes, 
have been the cause of serious faults and battle damage. 
The question herein posed is whether, when such a fault 
occurs, the whole installation will burn up or the fault 
will clear itself before serious general damage results. 
While investigations of the extent undertaken by Martin 
and Hauter have not been carried out with d-c sys- 
tems, preliminary information indicates that almost an 
identical problem exists where batteries are used to back 
up a 28-volt aircraft system. And, of course, with 120- 
volt direct current the situations described by Martin and 
Hauter can be realized from a normal 30-kw system 
without a battery. 

The purpose herein is not to deal with this problem, but 
to analyze it and to suggest that it deserves more attention. 
The implication of present data is that maximum effort 
should be made to eliminate phenolic and other arc-sup- 
porting materials from heavy power-handling switchgear 


Fig. 2. Typical peak 
voltage transient 
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Fig. 3. Test setup for switch analysis 


and to substitute glass-bonded mica and other arc-resisting 
and nontracking insulators.’ 


SWITCH TESTING 


Rating a Given Switch for Aircraft Application. ‘The most 
difficult thing about this problem is that it looks deceptively 
simple. ‘This impression is far from correct because elec- 
trical switching is a complex subject. Perhaps no other 
basic electrical engineering science is so little documented, 
yet troubled with so many variables, as is circuit interrup- 
tion. 

Not uncommon approaches to switch testing might be 
described as follows: 


1. Establish a rating for this switch. Test it, but not to 
destruction, and have the answer by tomorrow. 

2. Alot of data on the performance of switches are 
unnecessary as long as they meet the specification. 

3. A switch test should be a life test of a few switches 
with a given set of conditions. 


Actually a life test, or a test to the minimum require- 
ments in a specification, constitutes only a small part of 
proper switch evaluation. Furthermore, the results from a 
life test alone have limited application unless the basic 
switch characteristics have also been determined. The tail- 
end testing used in most switch evaluation has long since 
been discarded in other fields. It remains in switch testing 
because a switch is often thought of as being so simple that 
an organized scientific approach is not necessary. Exactly 
the reverse is true; an aircraft switch test must control and 
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evaluate more than ten vari. 
ables. Just as much dili- 
gence and engineering science 
should be used in switch test. 
ing as in tests of seemingly 
more complex equipment. 


Aircraft Switch Evaluation 
Aircraft switches should be 
evaluated in the test labora- 
tory to determine these char- 
acteristics: 


1. Current - interrupting 
capacity at specified voltage. 
altitude, and type of electric 
loads. The range of altitude 
conditions to be considerec 
should be specified because 
some types of switches may be 
critical at certain altitude: 
while operating better a 
maximum altitudes or mini. 
mum pressure. 

2. Current-carrying  Ca- 
pacity should be determinec 
at the most critical conditior 
which is usually determinec 
from a study of maximur 
ambient temperature and alti. 
tude-requirements. 

3. Peak interruption transient voltage resulting from 
the interruption of specified aircraft inductive loads shoulc 
be determined so that, if necessary, provisions can be made 
to prevent damage to insulation of the switch itself and te 
equipment on the airplane. 

4. Life expectancy of the switch should be determinec 
at rated current and specified operating conditions. 


Variable Factors Affecting Switch Testing. In a typical switct 
test there are 14 factors or conditions that must be either 
controlled or measured if the test is to be conclusive. The 
seven conditions that must be controlled are: 


1." Current: 

2. Voltage. 

3. Type of load. 

4. Atmosphere in which switch operates, 

5. Frequency of switch operation. 

Mode of operation, that is, the speed and pressur 

with which the operating element of the switch is moved. 
7. ‘Type of current: alternating, frequency, direct 

and supply system regulation under the specified load. 


Xx 


The other seven factors are characteristics of the switch 
These factors may be dependent upon the foregoing condi 
tions but should be monitored throughout the tests: 


8." Are™time, 

9. Peak voltage during interruption cycle measure 
across the switch gap with a recording device having ai 
input circuit impedance of at least 1 megohm and a fre 
quency response of 1 mc. 
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10. Contact heating. 

11. Arc energy. 

12. Speed of contact separation. 
13. Contact pressure. 

14. Contact separating force. 


The tendency in switch testing is to neglect some of the 
variables completely and to discount the importance of 
others. For example, arc time and its relation to maximum 
interrupting capacity is not usually evaluated in a switch 
test. Peak voltage, arc energy, and mode of operation are 
other variables that may seem unimportant but actually 
must be known or controlled in order to make a valid switch 
test. 


Three Phases of Switch Evaluation. The test of a switch may 
be divided into three phases: 


1. Mechanical evaluation of the switch mechanism and 
the contact assembly. 
_ 2. Electric test of switch to determine current-carrying 
and interruption capacity as functions of the specified elec- 
trical supply, environment conditions, and load. 

3. Life test of switch at rated current and specified load. 


It is to be noted that conditions for proper switch life 
tests are dependent upon the results of the foregoing tests. 


The Switch Test Report. A complete aircraft switch test 
report should present the following data: 


1. Observations, photographs, and measurements de- 
fining the mechanics of the switch. 

2. At least two curves of arc time as a function of cur- 
rent. 

3. Four curves of current-interrupting capacity as a 
function of various altitudes versus load. 

4. One curve of current-carrying capacity showing the 
millivolt drop across the closed contacts as a function of 
current. 

5. Results of life tests. 


MECHANICAL EVALUATION 


Rada starting electrical tests on a switch, several units 
should be disassembled and the mechanics of the 
switch studied. Some general criteria for evaluating 
mechanical reliability are as follows: 


1. General simplicity and workmanship of the unit. 

2. Contact closure and separating forces should be 
measured and should be adequate. In general, if forces 
available to open and close contacts are less than one ounce 
they are inadequate. Analysis of these observations with 
respect to vibration and acceleration should be made to 
determine if the net contact forces are likely to be adequate 
under the extremes of operational environment. 

3. Contacts should close with a mechanical overtravel 
of at least 0.010 inch. This preload provides tolerance for 
contact erosion. 

4. The open contacts should provide a gap of at least 
1/16 inch to ensure freedom from malfunctions caused by 
metal transfer, contact bounce, and mechanical tolerances. 

5. Contact points should be securely fastened to contact 
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arms and should have a proper thickness of contact metal to 
allow for anticipated erosion. 

6. Nontracking arc-resistant insulation materials should 
be used, with special attention to the nature of the material 
and clearances around the contact gap and terminals where 
arcing and sparkover are likely to occur. 

7. The melting or softening points of all materials used 
should be considered. In general, soft solder and plastics 
that soften at temperatures below 400 F should be ques- 
tioned. 

8. The construction of detent mechanisms should be 
especially noted. They are the most complicated part of a 
switch and consequently the most apt to fail because of 
mechanical wear, temperature, or production tolerances. 


If there is any doubt about the mechanical ability of the 
switch to withstand all operating conditions and to operate 
the required number of cycles, a preliminary accelerated 
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Fig. 4. Test circuit 
used in switch analysis 
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Fig. 5. Oscillogram of switch operation obtained with test setup of 
Figs. 3 and 4 
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mechanical test should be run before starting the electrical 
test. Time and money can be saved by eliminating unsatis- 
factory mechanical designs early in the test schedule. 

It is the writers’ opinion that aircraft switches should be 
tested for a mechanical life of not less than 100,000 opera- 
tions, if really reliable 10,000 to 20,000 cycles of operation 
are to be ensured for the production item installed in an air- 
plane. 


ELECTRICAL EVALUATION 


Neo assembly of switch test equipment consisting of 
a dual-beam oscilloscope, a pressure-controlled cham- 
ber, a resistance load bank, variable inductors, a variable- 
speed cycling motor, and a recording camera for the oscillo- 
scope that includes, preferably, a Land polaroid-processing 
unit is shown in Fig. 3. The Land camera permits imme- 
diate evaluation of recorded transient data. These items of 
equipment may be arranged in a test circuit as shown in 
Fig. 4. A typical oscillogram resulting from such an as- 
sembly is shown in Fig. 5. One of the special advantages of 
this arrangement is that it presents on one oscillogram the 
variables of current, voltage, arc time, arc energy, peak 
interruption transient voltage, and load inductance-resist- 
ance ratios. 


Determination of Switch Arc-Time Characteristic. One of the 
revealing characteristics of a switch is the variation of arc 
time with current. In general, as current through the switch 
is increased, the arc time on contact separation will also 
increase slowly. However, when the current approaches a 
critical value the arc time suddenly increases rapidly with 
a small increase in current until the arc sustains. Once this 
curve has been established for a specified set of conditons, 
the switch may be rated quite accurately by picking a cur- 
rent value below the knee of this curve. A ratio of about 
75 per cent of the value determined for the knee of this arc- 
time versus current curve is regarded as a practical safe 
rated current for most aircraft switches. 

It would be desirable to have arc-time versus current 
curves for several values of inductive loads and also for 
increments of altitude; however, the large combination of 
conditions required to obtain these curves is impractical 
for the typical switch test. A more realistic approach is to 
take only two arc-time curves and to use these as rough 
guides in acquiring the more important altitude charac- 
teristic curves to be obtained later. It is suggested that the 
two arc-time curves be taken at sea level, one curve with a 


resistive load and the other with an appropriate inductive 
load. 


Determination of Switch—Altitude Characteristic. Four curves 
of maximum switch-interrupting capacity versus altitude, 
for the four following conditions, are suggested: First, a 
resistive load curve plotting maximum currents to 50,000 
feet altitude may be run. Then, three inductive load curves 
to 50,000 feet at three different values of inductance- 
resistance are desirable. Since the objective in a switch test 
is to obtain a switch current rating under specified condi- 
tions of altitude and load, it follows that the major portion 
of the time allotted for the switch test should be spent in this 
effort. 
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In the resistive load test, while cycling the switch at 25 
cycles per minute and observing the arc time on the oscillo- 
scope, the current is increased until the critical arc time is 
approached. The critical arc time for the sea level condi- 
tion can be estimated from the arc-time curves previously 
obtained. In a similar manner critical current values are 
obtained for altitudes up to 50,000 feet. It is suggested that 
5,000-foot increments of altitude are adequate for rating 


the switch. Similar curves are then run with loads selected 
to cover the inductance-resistance range of 0.005 to 0.03. 


Current-Carrying Capacity. Current-carrying capacity is de- 
termined by the J?R loss in the contacts themselves. This 
power dissipation can be measured by running a curve of 
millivolt drop across the closed contacts as a function of cur- 
rent through the contacts. Ordinarily, the current-carrying 
capacity of the contacts will exceed the current-rupturing 
values. But should the contact heat generated at rated 
break current be excessive, the switch will have to be rated 
on the basis of current-carrying capacity. Acceptable con- 
tact temperatures or power dissipation values are dependent 
upon the materials and type of switch involved. In general, 
contact current-carrying capacity tests should not be made 
on new contacts but should be run after 50 per cent, and 
again, at completion of the life cycle test. 


Switch Life Test. Once the rated current for the switch 
has been established from the altitude—versus—current-carry- 
ing-capacity curves, life tests can be‘run at boundaries of 
current, altitude, and inductance-resistance ratio estab- 
lished by this data. In setting up life tests the 14 factors or 
conditions outlined previously must be given consideration 
and adequately controlled or recorded. In life testing a 
switch the minimum life-cycle operations required by 
applicable specifications should be considered but not re- 
garded as an objective or limit for any test aimed at really 
evaluating a switch. In general, the fewer samples avail- 
able to establish satisfactory operation, the larger the num- 
ber of life cycles should be. This is because with a large 
number of cycles, disturbing variables are more likely to be 
pinned down. But where critical use is to be predicated on 
very limited test work, then the boundaries of these limited 
test requirements must be set much higher to ensure an equal 
degree of security. 

The number of switches required for a test evaluation will 
depend upon the completeness desired for the test. It is 
suggested that a practical number of test switches-would be 
20. ‘Ten of these switches may be used to determine charac- 
teristics; the other ten should be life-tested at the condi- 
tions established or specified. 


PERFORMANCE TESTING VERSUS ENGINEERING 
EVALUATION 

a Pests previous discussion of switch testing was con- 

cerned with the determination of the rating for a 
switch. This problem is rightfully separate and different 
from the problem of testing for specification conformity. 
The proposed test is outlined with no intent to depart from 
the accepted military specification policy of stating all re- 
quirements in terms of required performance. However, 
following a specification policy does not mean that full- 
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scale engineering tests and consideration of switchgear is 
unnecessary or undesirable. The designer and applications 
engineer should know a lot more about a switch than a mili- 
tary specification would be justified in requiring. 


THE INDUCTIVE LOAD FOR SWITCH TESTING 


‘@) all the convenient approximations used by test engi- 
neers to describe operating conditions, probably none 
is more abused than the inductance-resistance ratio prac- 
_tice of describing inductive switch circuit loads. In fact, the 
simulation of aircraft circuit inductive loading for test pur- 
poses is far from acceptable. In the first place, very little 
data on the nature of aircraft inductive loads are available, 
and in the second place, it is doubtful whether existing 
terminology can be used without some invention to accu- 
rately express the nature of such iron-cored inductances 
where the iron is nearly always operated near saturation. 
The inductance-resistance does not define an inductive 
switch load in a useful manner if it is determined from the 
current rise time or any other method that gives a deter- 
mination of inductance on the basis of low-frequency 
changes in the circuit. The principal circuit interruption 
voltage peak occurs near the end of the interruption cycle 
and is a relatively high-frequency phenomenon of 10 to 200 
microseconds duration. ‘The voltage rise rates are of the 
order of 100 volts per microsecond. For these conditions 
low-frequency values of inductance have little significance. 
Dielectric losses and core losses are likely to be dominant 
factors in determining the peak voltage and energy values. 
The optimum solution of the inductive load problem is to 
life-test the switch with the actual load that it is to operate 
on the airplane. When, as is usually the case, the actual 
load cannot be used in a switch test for reasons of excessive 


heating, mechanical limitation, or expense, an electric mock 
load is the next best solution. But this mock load, to be 
equivalent, should be adjusted to simulate actual aircraft 
equipment circuit interruption transients. Referring to 
Fig. 4, the load inductance may be an air-core coil of low 
distributed capacity and high-voltage layer insulation. The 
simulated load is adjusted with an oscilloscope to give a 
current rise time approximating the class of aircraft equip- 
ment for which the switch is being tested. But finally and 
most important, the resistance shunted across the induct- 
ance should be adjusted to give interruption transients 
similar to those observed or anticipated from properly 
insulated aircraft equipment under test. An oscilloscope 
capable of high-frequency response is required, and the 
input impedance of the oscilloscope connected across the 
test switch must be 1 megohm or higher. 


RECOMMENDATION 


| ezeuarn and reliability of aircraft switches must be 
improved if circuit interruption equipment is to keep pace 
with aircraft requirements. As a first step in achieving this 
goal, it is recommended that the scientific techniques, so 
effectively applied to the design and test of other seemingly 
more complex aircraft equipment, be also applied to the 
aircraft switch equipment. Scientific studies of this type 
will result in the establishment of basic design parameters 
that will eventually improve switch design and application. 
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The third 140,000-kw turbogenerator went into service 
at the Cleveland Electric Illuminating Company’s Eastlake 
power plant recently, boosting capacity at the plant to 
420,000 and illuminating system capacity to 1,564,000 kw. 

As this third power producer came “‘on the line,” con- 
struction crews at the Eastlake plant site were pressing for- 
ward with foundation footings for a giant 208,000-kw unit 
scheduled for completion late in 1955. 

The 3 turbogenerators now in service are the largest and 
most efficient in the illuminating system to date, exceeding 
by 40 per cent the individual operating capacities of the 
100,000-kw generators at the company’s Avon power plant. 

Upon completion of the fourth unit, one of the world’s 
largest single-shaft generators, power capacity at Eastlake 
will reach 628,000 kw, with system capacity totaling 1,- 
772,000 kw. 

Since the end of World War II, the Illuminating Com- 
pany has invested $222,000,000 in power generating, 
transmission, and distribution facilities. Programmed ex- 

penditures of $63,000,000 are being made to achieve a 
| system capacity goal of 1,772,000 kw by year-end 1955. 
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Illuminating Company Expands Power Capacity 
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Precision High-Current Computer Power Supplies 


A. B. ROSENSTEIN 
ASSOCIATE MEMBER 


HE increasing size and complexity of analogue and 

digital computers has resulted in an ascending demand 
for expanding quantities of well-regulated and filtered 
d-c power. Regulated power demands have gone from 
milliamperes to hundreds of amperes. 

This article describes high-current precision d-c power 
supplies that have been developed to meet the require- 
ments of modern computers. The power supplies are 
unique in that for the first time a high-current magnetic- 
amplifier-controlled selenium rectifier has been produced 
with the response and electrical performance of the con- 
ventional electronic supply, and yet possessing the mechanical 
advantages and life of the magnetic amplifier. 

The trend of computer design is toward compact 
high-performance machines capable of installation in an 
office or moderate-sized laboratory. The ideal power 
supply would be a sealed unit, completely static, with a 
service-free life of 10 to 20 years. 

Full input to output efficiency of larger power supplies 
is receiving close scrutiny by computer designers. De- 
_ signers are now calling for power supplies with over-all 
efficiencies of 70 to 75 per cent or better. 

The electrical requirements of a computer power supply 
are dictated by the characteristics of the machine load. 
Although these requirements will vary from machine to 
machine, a reasonably uniform electrical specification 
usually can be drawn. 

To design a computer’s proper supply, its electrical 
output specifications must carefully spell out the required 
voltage response under all types of loading and with 
maximum variations in the a-c power input. Not only 
must the steady-state regulation be given, but ripple must 


Fig. 1 (left). 


cent, 80 percent. (bottom). 80 per cent, 120 per cent. 
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Dynamic load regulation, 40 per cent step change in load. (top). 

(Each major division = 0.25 

volt). Fig. 2 (right). Dynamic line regulation at 100 per cent load. (top). 240 volts, 
220 volts. (bottom). 220 volts, 240 volts. (Each major division = 0.25 volt) 
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Table I. Physical and Electrical Characteristics of 225-Volt, 
15-Ampere Precision Power Supplies 

Characteristic 60-Cycle, Self-Cooled 400-Cycle, Forced-Cooled. 
Steady-state regulation......... Better than +0.1%........- Better than +0.1% 
Dynamic regulation........... Better than +0.15%........ Better than +0.15% 
Ripple siiv. cries cites aera Less than 0.1% rms......... Less than 0.1% rms 
EXGICIEN GY ies erate eye oval odie etre et te TE Tg Te ea ete ate eos tea iolsucte 1% 
Voltumes cep csiastertace eigen teees 5.9 ut {Pirie on gecasaioce Au Met 
Weighttsrnmre cert tee tsaie steteen CSO) | speiege oamectites wbosior yr nos‘ 92 |b. 


be considered as an addition to the instantaneous dynamic 
regulation. Steady-state regulation, dynamic regulation, 
and ripple are each commonly specified to be held within 
anywhere from 0.1 to 1.0 per cent. 

The magnetic-amplifier-regulated selenium rectifier 
achieves the full mechanical criteria for computer power 
supplies. The power section is completely static and 
composed of highly dependable elements of extremely 
long life. The components are capable of withstanding 
even a high shock test and prolonged vibration. The 
over-all bulk is at practically the irreducible minimum, 
consistent with today’s materials. ‘Temperature charac- 
teristics are excellent. 

Table I gives the physical and electrical characteristics 
of a small computer power supply rated at 225 volts and 
15 amperes. The steady-state regulation of the supply is 
+0.1 per cent, while the dynamic load regulation with 
+20 per cent load changes does not exceed +0.15 per cent. 
It is to be noted from the oscillographs, Figs. 1 and 2, 
that the dynamic regulation due to a step change in load 
or a-c supply is practically the same as the steady-state 
regulation. As the response of the power section is only 
1/6 cycle, this small difference between dynamic and 
steady-state regulation for nominal 
load changes is found to be in the 
damping circuits of the preamplifier, 
not in the power section. 

Experience has proved the ability 
of the magnetic amplifier to perform 
the high-speed high-current regu- 
lating tasks formerly considered 
feasible only with thyratrons or igni- 
trons. With reasonable response 
and ripple specifications, there are no. 
practical limits to the size of the: 
magnetic amplifier computer power 
supply. 


Digest of paper 54-313, “Precision High-Current’ 
Computer Power Supplies,” recommended by the. 
AIEE Committee on Computing Devices and ap-. 
proved by the AIEE Committee on Technical Opera-) 
tions for presentation at the AIEE Summer and Pacific’ 
General Meeting, Los Angeles, Calif., June 21-25, 
1954. Published in AIEE Communication and Elec-. 
tronics, September 1954, pages 405-09. 
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Detection of Corona in Oil at Very High Voltages 
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ORONA is a manifestation of ionization in an insulat- 
ing medium. Under many conditions corona is 
‘detrimental to insulation and consequently should be 
avoided in electric equipments. Among the various 
means of detecting corona, such as visual, audible, elec- 
trical, etc., the electrical means of detection has been con- 
sidered most sensitive and has been in use for a number of 
years. 

More recently, the cathode-ray-oscilloscope technique with 
electronic amplifiers has been applied to corona detection, 
giving additional information on the distribution of corona 
occurrence in time and phase relations with the applied 
voltage. One disadvantage of this method, however, has 
been the difficulty of distinguishing the corona signals 
produced by the test sample from those caused by external 
disturbances, especially extraneous corona in the high- 
voltage test circuit. 

It is feasible to completely eliminate corona in the test 
circuit for relatively low-voltage test samples such as cables, 
capacitors, and insulating materials of small dimensions. 
Excellent results have been obtained with the use of filters, 
large diameter leads, and smooth connections at test volt- 
ages up to 100 kv. 

For higher voltages, however, it is generally found 
not to be practical and often impossible to eliminate 
circuit corona with these means. ‘Therefore, some means 
must be used to facilitate the distinction between the circuit 
corona and the sample corona. Since the test samples of 
the higher-voltage classes are invariably oil immersed, the 
problem becomes a matter of differentiating corona in oil 
from that in air surrounding the high-voltage circuit. 

Corona in oil is characterized by its relatively high in- 
tensity even at start, and by its random occurrence at any 
phase of the applied voltage. Circuit corona, on the other 
hand, is characterized by its definite phase relationship 
with the voltage wave, and its intensity is much higher in 
the positive half-cycle than in the negative half-cycle. It is 
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Fig. 2. Typical corona os- 

cillograms taken during 

tests on terminal board 
samples 


(Above left). 200-kv applied 
voltage, (1) Slight circuit corona, 
no oil corona in sample; (above 
right). 220-kv applied voltage, 
(1) Slight circuit corona, (2) 
Oil corona in sample; (right). 
200-kv applied voltage, test piece 
capacitance increased to 300 
micromicrofarads by paralleling 
with entrance bushing, (1) Cir- 
cuit corona, high-frequency haze 
background, (2) Oil corona in 
sample 


this positive corona or streamer that is hard to differentiate 
from oil corona and should be eliminated. This paper 
demonstrates that by the use of small diameter wires for the 
high-voltage line and a multiple point structure (called a 
“Crown of Thorns” on the bushing dome), the high-inten- 
sity streamer can be completely eliminated up to half a 
million volts or at even a higher testing voltage if desired. 
The remaining circuit corona is of such a low magnitude 
and definite phase distribution that it can be easily dis- 
tinguished from corona in oil on a cathode-ray oscilloscope 
with a conventional neutral current detection circuit as 
shown in Fig. 1. 

In order to monitor a wide range of corona intensities 
simultaneously on an oscilloscope, a dual-frequency dual- 
sensitivity detecting element has been devised. Several 
typical oscillograms taken during tests on a terminal board 
sample are shown in Fig. 2. 

Although there are some limitations to this type of corona 
detection, it has been proved to be a very useful tool in the 
development of almost all kinds of insulating structures in 
large power transformers, such as windings, thyrite stacks, 
cable assemblies, tap changers, bushings, and basic insu- 
lating materials. 


Digest of paper 54-396, ‘‘Detection of Corona in Oil at Very High Voltages,” recom- 
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Demonstration of the Principles of the 
Ultrasonic Flowmeter 


R. G: SWENGEL 


ASSOCIATE MEMBER AIEE 


HE ULTRASONIC 
ee. utilizing 

sound having frequencies 
above the audible range, has 
been made practical for the 
measurement of liquid flows 
as large as 10,000 cubic feet 
of water per second in hydro- 
electric turbines. To give an 
impression of the magnitude of such a quantity of water, 
Fig. 1 shows one of the three openings carrying water to 
a large hydraulic turbine. 

The new flowmeter is the result of a search for a simpler, 
less expensive, yet accurate method of measuring large 
volumes of flowing water. A new technique is employed, 
wherein sound is transmitted both upstream and down- 
stream between two fixed elements. The measurement 
is one of great sensitivity, measuring changes in sound 
velocity of only one part in half a million for precisions of 
the order of one per cent in the determination of water 
velocity. 

Since the ultrasonic flowmeter is based upon the propa- 
gation of compressional waves in the moving fluid, a 
demonstration of some of the analogous properties of 
water surface waves is helpful for an understanding of the 
principles of the method. 

A white enameled pan, about 12 inches by 20 inches, is 
filled to a depth of about one inch with water tinted with 
vegetable dye. By means of side lighting and a mirror 
tilted at an angle of 45° over the pan, an audience can 
see surface-wave behavior in the pan. 

By dipping a pencil in the water, a simple circular wave 


Fig. 1. 
to a 


An intake 
large hy- 
turbine 
30-foot 
transducer (thin 
light line on wall) 
installed 


draulic 
with a 
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By transmitting ultrasonic frequency both 
upstream and downstream between two fixed 
transducers, large volumes of a liquid can be 
measured with great sensitivity. The electronic 
apparatus used is not complicated and velocity 
of the liquid can be determined with a pre- 1 

cision of one per cent. 
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pattern is produced such as 
that shown in Fig. 2a. By 
repeatedly dipping the pen- 
cil and changing its position 
along a straight line by about 
inch between successive 
dips, the effect of relative fluid 
movement can be shown as 
in Fig. 20. 

It can be seen that the wavelength increases when the 
waves propagate counter to the motion of the pencil and 
decrease for propagation in the opposite direction. ‘These 
changes in wavelength are measures of the velocity of the 
moving source. Identical changes in wavelength would 
occur for a stationary source and the medium moving with 
the same velocity. 

For certain applications, such as the measurement of 
discharge through hydraulic turbines having intakes 
with rectangular cross sections, it is essential to produce 
a linear wavefront rather than the common circular one. 
Such a wave can be simulated in the pan of water by 
drawing the pencil in a straight line through the water. 
The wave behavior is illustrated in Fig. 3 where the source 
moves in a straight line with velocity V, and the wavefront 
propagates with the velocity V,. The angle of radiation 
9=cos! V,/V, is shown and is an important factor when 
mounting linear transducers. Such transducers produce 
straight wavefronts by propagating compressional waves 
in a slender rod from which waves are radiated into the 
fluid in the manner depicted in Fig. 3. Provision is made 
at the end of the rod for absorbing any excess energy which 
has not been radiated. 

In an actual flowmeter, the waves in the fluid to be 
measured are generated by a transducer energized with 
alternating current. A convenient way of measuring the 
changes in wavelength is to measure changes in the phase 
angle between the voltages at the transmitting and re- 
ceiving transducers when transmitting both upsteam and 
downstream. This is demonstrated with the air flowmeter 
shown in Fig. 4 where 4-inch permanent-magnet speakers 
are the transducers 
acoustic energy and vice versa. 
gram of the equipment. 

One oscilloscope is used to show by a Lissajous figure 
the phase angle between the sinusoidal voltages at the 
speakers. The second oscilloscope and the electronic. 


converting electric energy into 


Fig. 5 is the block-dias 


Revised text of a conference paper presented at the AIEE Middle Eastern District | 
Meeting, Reading, Pa., October 5-7, 1954. 
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Fig. 2. Circular wave patterns of a stationary point source, 
- where in a, the medium is stationary and in b, the medium is 
moving with a uniform velocity 


‘a 


Fig. 4 (above). In this demonstration apparatus, the electric fan 
produces air flow, simulates liquid flow between the two loud- 
speakers on the board. Under the fan is the motor-driven 
interchanging switch next to the 10-ke oscillator, then the two 
oscilloscopes with the electronic switch between them. Fig. 5 
(right). Block diagram of the flowmeter demonstration apparatus 
of Fig. 4. The phase angle is displayed as a Lissajous figure on 
oscilloscope A and as sine-wave displacement on oscilloscope B 


switch show this same phase angle, but by the relative 
positions of superposed images of the two sine waves. 

With no air flow, the phase relationship between the 
speaker voltages for the static condition can be seen on 
the oscilloscopes. Since the frequency used for the demon- 
stration is about 10 kc, there are about 30 waves in the 
train between the speakers which are 40 inches apart. 
The presence of these waves can be shown by interposing 
a barrier between the speakers and by the change in phase 
angle on the oscilloscopes as one speaker is moved slowly 
toward the other. 

When motion of the air between the fixed speakers is 
produced by an electric fan, the change in phase angle 
from the static condition is apparent on the oscilloscopes. 
The interchanging switch shown in Fig. 5 cyclically re- 
verses the direction of transmission between the trans- 
ducers. This bidirectional technique is used to eliminate 
errors caused by minute transducer motions and tempera- 
ture changes. 

Placing a barrier to one side of the direct path between 
speakers introduces reflections, or multipath transmissions. 
These cause more than one signal to be received and can 
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Fig. 3. Linear wavefront of a moving point source, where Vg 


is the velocity of the source and Vp is the velocity of propagation 
in the liquid 
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introduce errors into the flow measurement. This be- 
havior illustrates the difficulties sometimes encountered 
when applying the method without adequate knowledge 
of radiation characteristics. 

Flow velocity is calculated from the following formula: 


me ae 
fa: 7720" 


Vv 


v=flow velocity, feet per second 

V=absolute propagation velocity, feet per second 

f =frequency of ultrasonic waves, cycles per second 

d=projection of transducer spacing on axis of flow, feet 

A° =difference between the phase angles measured when trans- 
mitting with and against flow, degrees 


Since the ultrasonic method is an absolute one, requiring 
no calibration by other means prior to its use, this formula 
contains no empirical coefficients, only fundamental units 
of time and length. 

In order to keep A within a practical range of one 
wavelength (360°) or less for the flow velocities to be 
measured, the frequency can be chosen to satisfy conditions 
imposed by the absolute propagation velocity of the fluid 
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to be measured, and the length d of the measuring section 


available. Some typical relationships of these factors as 
follows: 
V, d, ib 
Application Feet per Second Feet Kilocycles 
Demonstration air flowmeter..............+. TUDO) ae sera aia LS SCs hart 10 
Hydraulic laboratory model............+.-. AP SOO toartenncten « rmeriyc <ri.oe 500 
Hydroelectric turbine intake............--- ABO Ova caeetiste vote NO) des aetna 25 


One of the interesting possibilities of the ultrasonic 
flowmeter is the measurement of the flow of fluids whose 
properties are known only approximately. If the absolute 
transit times with and against flow were measured, instead 
of the difference in transit times as utilized in the previous 
formula, only the fixed physical dimensions of the measur- 


‘ 
ing section are significant as indicated by the following 


formula. 


d E 1 ] 
= ae 
2 sin? | ta ty 


Or baie 
w 


7 


zw =width of measuring section 

tqg=transit time for a compression wave to travel downstream from 
one transducer to the other 

=transit time for a compression wave to travel upstream from one 
transducer to the other 


by 
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A New Electrical Hygrometer 


Ware Ger lees 
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UCH WORK has been 

| V done on electrical hy- 

grometers for response 

to changes in atmospheric 

humidity. This is well sum- 

marized and many references 

are listed in a Bureau of Stand- 

ards’ publication.1 _Satis- 

factory devices for some ap- 
plications are available. 

The type of device described here was developed for 
use with a 120-volt a-c supply to provide sufficient current 
to operate directly a low-cost, available a-c relay. It is 
for relative humidities between 20 and 100 per cent and 
provides a simple method of adjustment for operation 
through a wide range. 


THE SENSITIVE ELEMENT 


A Bes BAsIc element of this device is a small cylindrical 
ceramic core of pure low-fired alumina which has 
been saturated with a water solution of a chemical salt 
that will absorb moisture from the atmosphere and thus 
become conducting. The outside of this small ceramic 
cylinder is made with a double helix spiral thread. This 
provides for two windings of small platinum wire that form 
the two electrodes making contact with the ceramic. An 
important feature is the use of one of these platinum wire 
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The basic element of this hygrometer is an 
alumina core saturated with a chemical solution 
which will absorb atmospheric moisture and so 
become electrically conductive. 
on 120-volt a-c supply, it will give enough 
current to operate an a-c relay between relative 
humidities of 20 to 100 per cent. 


White—Electrical Hygrometer 


windings to pass a heating 
current that raises the tem- 
perature of the core. This 
allows adjustment of the de- 
vice to operate a relay at a 
desired value of relative hu- 
midity. This feature also 
has other uses which will be 
described subsequently. 

The choice of a chemical with which to saturate the core 
is an important factor as it determines the conductivity of 
the ceramic material, which for practical considerations 
must be kept within certain limits. Lithium chloride, a 
favorite one for hygrometers, is suitable for use for low 
humidities at low ambient temperatures, whereas sodium 
dichromate is more suitable for the higher range of hu- 
midities at high temperatures. ‘Thus, the treatment of the 
core may be determined by the range of relative humidity 
through which the element is to function. Special require- 
ments may dictate the use of other chemical compounds. 

The core is mounted in a small 3-pin radio tube base. 
The third base pin is to provide a second connection to 
one winding which is also the heater coil. To shield against 
air currents and for mechanical protection, the element is 
fitted with a perforated plastic or metal cover. The unit is 
shown in Fig. 1. 


Functioning 


ELECTRICAL CHARACTERISTICS 


ee in this device, the element varies in 
resistance with variations in humidity. Actually 
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_the fact that the conduction current of a few milliamperes 

through the ceramic is sufficient to heat the core slightly 
above ambient and that this heating can be further 
increased a controllable amount by current through the 
heating coil provides additional interesting and useful 
characteristics. 

When the element is connected directly across a 120-volt 
a-c line with only an a-c milliammeter in series, the relation 
between percentage relative humidity and conduction 

current through the ceramic will be nearly a straight line 
over a wide range of relative humidity values above some 
“minimum value. This is shown in Fig. 2. This and 
succeeding characteristic curves are for a typical element. 
The use of different chemical salts does not change the 
general nature of these relationships, but can change the 
‘current values through a wide range. 

If now the core temperature is raised further by a small 
current through the heater coil to add, say, 0.1 watt, then 
the conduction current will drop to follow a lower and 
‘nearly parallel curve due to the further drying out of the 
core. 

However, at a constant given value of humidity, the 
volt-ampere characteristic will be as shown in Fig. 3. 
This indicates that at constant humidity but over a wide 
range of voltage, such as 30 to 300, the resistance of the 
core adjusts itself either by an absorption or drying-out 
action so that it operates at a nearly constant wattage. 
The higher the relative humidity, the higher this value of 
constant wattage. 

The initial response to a change in voltage resembles 
that of an ordinary resistor. In a few moments, however, 
the current change reverses. ‘Therefore, after the initial 
effect has passed, an increase of applied voltage will result 
in an almost proportional decrease in resulting conduction 
current. 

If, however, the circuit includes a high impedance (of 
the order of 50,000 ohms or more), the characteristic is 
quite different, as shown in Fig. 4. This difference is due 
to the fact that, as increasing humidity lowers the resistance 
of the core, the voltage across it drops and therefore there 
is a further drop in resistance. ‘Thus, the characteristic 
curve is steepened which is useful for a more accurate 
closing of a relay at a more definite value of humidity. 
With certain combinations of the parameters, this rise 
may be the equivalent of a sudden change between two 
stable conditions. 

Again as in the case of the simpler circuit, the addition 
of heater coil current shifts the curve to a lower but fairly 
parallel value. This, of course, provides a method of 
operating the relay at some particular value of humidity. 

There is a limit to the impedance that can be usefully 
employed in series with this element at a fixed line voltage. 
As series resistance is added, the voltage drops across the 
element and, as has been explained, the conductivity of 
the element increases. This continues until the resistance 
of the element becomes so low that the added series re- 
sistance becomes the determining factor for current in the 
circuit. This is shown in Fig. 5. When this point is 
reached, the self heating of the element is negligible and 
it continues to absorb moisture from the atmosphere. 
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Fig. 1. Parts and assembly of the hygrometer element shown 
with an ordinary paper clip for size comparison 
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Fig. 2. Relation between conduction current and relative 
humidity with 120 volts a-c across element. Shows effect of 
heater current 
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Fig. 3. Volt-ampere characteristic of an element at a constant 


relative humidity and no heater current 
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a 


30 40 50 60 70 80 90 100 
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Fig. 4. Relation between conduction current and relative hu- 
midity with a high impedance, such as a relay coil, in series with 
element 
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Fig. 5. Relation between conduction current and resistance in 


series with the element. Constant humidity and line voltage 
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Fig. 6. A simple form of relay circuit for use with the sensitive 
element 
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r , 
The same thing will occur if the element is allowed to— 
stand disconnected from a voltage supply in a humid — 
atmosphere. It can be easily and quickly restored to_ 
normal operating condition by the brief application of 
heater current. 
With the several parameters involved in this device, it 
is possible to have a wide variety of characteristic curves. 
All curves shown are for room temperature conditions. 


OTHER CHARACTERISTICS OF THE ELEMENT 


Temperature Coefficient. ‘These elements, being electro- 
lytic conductors, have a definite negative temperature 
coefficient of resistance. As the ambient temperature 
rises, the conductivity of the element increases. This 
change can be compensated by a slight increase in heater 
current. This may seem contradictory but it is to be 
remembered that an increase in element temperature 
above ambient introduces a drying-out action which is 
much more pronounced in changing the element conduc- 
tivity than a change in ambient temperature. Conversely, 
if the element is exposed to moving air, this will cool the 
ceramic which increases its absorption of water vapor from 
the surrounding air and this increases its conductivity. 
Therefore, it is apparent that at constant humidity the 
controlling factor is the temperature of the element relative 
to ambient. 


Speed of Response. ‘This will vary -widely with ambient 
temperature and relative humidity. For high humidities 
at high temperatures, it is a matter-of only a few minutes. 
At temperatures around 0 C and low reiative humidities, 
say, under 30 per cent, it is much slower, an hour or even 
much more. As has already been mentioned, a slight 
change in heater current can compensate for these changes 
in ambient temperature. 


Effect of Water Condensation. If the core of the element 
becomes actually wet with water, it must be dried out 
with a heater current for an hour or more, but a marked 
permanent change of characteristic is improbable for one 
such immersion. Exposure for more than a few moments 
to a flow of steam may alter the characteristic of the element, 
however. 

Currents corresponding to over 100-per-cent humidity 
will be indicated temporarily if there is a condensation 
of water on the element, such as occurs when it is exposed 
to the breath. 


Effect of Sudden Increases of Humidity. If an element is 
changed quickly from a very low humidity to a very high 
one, the absorption of water vapor is so rapid that the 
conduction current will rise initially far above that corre- 
sponding to 100-per-cent humidity before giving a correct 
indication. This is due to the fact that the moisture 
absorption of the ceramic core takes place more rapidly 
than its temperature rise from the /?R heating effect of the 
conduction current. 


Variations in Characteristics. Within limits, variations 
in electrical characteristics as between elements, changes 
in ambient temperature, line voltage, and heater current 


produce characteristic curves that are very nearly parallel. 
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This facilitates the use of slight changes in heater current 
to compensate for most of the variables encountered. 


APPLICATION 


For Instrumentation. For use with indicating or recording 


instruments, it is highly desirable to include some sort of 


protective resistance in series with the element. This is 
necessary because, as has been stated, when the elements 
stand disconnected, they continue to absorb moisture 
_until their resistance is so low that when reconnected to 
the line enough current may pass to damage the instru- 
ment. On the other hand, too high a value of added 
resistance will impair the linear relation between per-cent 
relative humidity and conduction current through the 
element. 

The solution of this problem is to use one or more small 
diameter filament lamps in series with the element. Two 
small candelabra-base 10-watt 230-volt lamps in series 
are satisfactory. Their cold resistance is low enough to 
preserve linearity of response and their hot resistance 
high enough to afford protection to the instrument against 
current overload. Also they will pass some current to 
supply a little heat to dry out a saturated element over 


a period of time. 


As has been noted, most of the variations encountered 
result in parallel characteristic curves; therefore, the zero 
adjustment of the instrument can be used for changes in 
calibration. This, of course, is on the assumption that a 
rectifier-type instrument with a uniform scale is used. 
Such an instrument is also desirable from the standpoint 
of usefulness over a wide range of currents. 

For most uses with an instrument, heating current in 
the element is not necessary. Therefore, only the two 
current limiting lamps are required in addition to the 
element and instrument. 


It must be remembered that humidity conditions in 
rooms are subject to wide and sudden fluctuations and © 
may vary with location of the instrument. It is sometimes 
difficult, therefore, to get comparative readings from 
different humidity measuring devices, particularly if 
their speed of response differs. 


For Relay Operations. As has been pointed out (compare 
Figs. 2 and 4), the inclusion of a high impedance, such as a 
relay, in series with the element produces a marked change 
in the relation between element conduction current and 
relative humidity. This steepening of the characteristic 
curve is helpful, of course, in operating the relay at a 
certain desired value of humidity. 

It is helpful also to shunt the relay coil with a capacitor 
to effect a certain amount of tuning. This permits the 
relay coil current to be higher than the current through 
the element; in other words, it provides a better im- 
pedance match between the relay coil and element. Choice 
of the value of this capacitor also permits, in such an ar- 
rangement, some degree of control between pickup and 
drop-out current in the element circuit. A simple relay 
circuit is shown in Fig. 6. 

If desired, the circuit may include provision (not shown 
in Fig. 6) for stepping up the heater current when the relay 
closes to minimize overshooting of the change of humidity. 
This can be done to such an extent that the whole circuit 
continually cycles between “‘off”’ and “on.” Thus, it can be 
adjusted so that at about 100-per-cent humidity it is “on” 
all of the time while at some lower value it is ‘“‘off’”’ all of the 
time. At values of humidity between these two, it will 
cycle, the ratio of “‘on” to “‘off’ periods of time being 
proportional to the humidity. 
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New Steam Generating Unit Goes Into Operation at Ford Motor Company 


The first of three new boilers—one of the largest low- 
pressure steam units in industry—has begun its job of 
supplying power for Ford Motor Company’s Rouge Plant 
in Dearborn, Mich. 

This is the latest in a series of modernization steps, all 
within the original floor space, that will eventually see the 
plant’s original steam generating equipment quadrupled in 
capacity, with all but one of the original boilers replaced. 

The new /7-story-high boiler can produce up_ to 
60,000 pounds of steam per hour at 250 pounds per square 
inch gauge, 650 F. This is nearly double the hourly steam 
output of the old boiler. 

Besides replacement of three of the plant’s eight units, the 
modernization programs calls for installation of dust col- 
lectors, fly-ash and bottom-ash handling equipment for all 
eight units, and a 200,000-gallon-per-hour hot lime process 
water softener system. 

A view of Ford’s world-famous Rouge Power Plant is 
shown on the right. 
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Alteration of Dynamic Response of Magnetic Amplifiers 
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MAGNETIC AMPLIFIER of the full-wave self- 

saturating type has a delay similar to that of an induc- 
tive circuit if the residual delay of the amplifier is neglected. 
The sinusoidal transfer function of the magnetic amplifier 
without feedback is 


N, 
ae es ee (1) 
pd 14jwTy 


where K is a gain constant in volts per ampere turn, J, is 
the number of control turns, R, is the control circuit resist- 
ance, and J, is the time constant of the amplifier, which is 
proportional to V2/R,. The block diagram of the amplifier 
is shown in Fig. 14. 

Feedback through frequency-sensitive networks placed in 
series with isolated windings can be used to alter the dy- 
namic response of the magnetic amplifier. An analysis of 
the amplifier when feedback is applied through nonloading 
feedback windings results in the following sinusoidal transfer 
function 
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This transfer function is exactly that obtained by con- 
sidering the block diagram shown in Fig. 1B. From this 


diagram it can be seen that if the feedback circuit does not 
load the control circuit, the feedback windings will present 
a negligible inductance to the feedback signal, but the feed- 


Fig. 1. Block diagram of magnetic amplifier; A—Without feedback; 
and B—With feedback into separate windings 
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back signal to the summing point is delayed by the time lag 
of the control winding. 

The transfer function given in equation 2 can be extended 
to yield a generalized equation for the sinusoidal transfer 
function of a single-stage full-wave magnetic amplifier with 
feedback through a network that has no more than one 
energy storage element. This generalized transfer function 
is 


Kul +;wT;) 
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Fe) (3) 
Ti, T2, and T3 are time constants associated with the feed- 
back networks and the amplifier. The amplifier can be 
made to exhibit phase lead or lag characteristics by adjust- 
ing the parameters of the feedback networks; thus, it can 
be used effectively to reshape the open-loop frequency 
locus of a servo system. 

The validity of the generalized transfer function has been 
checked by experimental testing on 60- and 400-cycle push- 
pull magnetic amplifiers with reversible polarity d-c out- 
puts. ‘To facilitate comparison of experimental and _ the- 
oretical data, the generalized transfer function was put in 
the following normalized form 
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For a wide range of values of a and 8, the amplitude and 
phase angle of the normalized equation versus the normal- 
ized frequency ratio (w/w,) were computed by the use of 
a digital computer, and curves were plotted of the ampli- 
tude and phase angle of the normalized equation. For a 
number of curves, the frequency-sensitive portion of the 
normalized equation was checked by experimental testing 
on the 60- and 400-cycle push-pull amplifiers. 

Good correlation has been obtained between the the- 
oretical expressions and experimental data. Small differ- 
ences which exist are due to second order effects which have 
been neglected in the analysis, such as the residual delay of 
the amplifier and the loading effect of the feedback wind- 
ings. 

The generalized equation has been used successfully in 
predicting the response characteristics of feedback ampli- 
fiers that have been used in many practical servo systems, 
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An Improved Wide-Range 
Adjustable-Speed Drive 


A. G. GONRAD 


FELLOW AIEE 


T has been pointed out in 
] a discussion of an adjust- 
able-speed drive that a 
d-c series motor will operate 
at an essentially constant 
speed when it is supplied with 
a voltage proportional to its 
input current.! This principle 
of operation has been employed in a simplified supply 
system in which the number of machines has been reduced 
and in which the control equipment is made more practical. 
An extension of the theory of this type of drive to include 
saturation effects of both motor and generator is approached 
by graphical analysis. 
The circuit, which consists of a d-c series generator (with 
a control field) supplying a d-c series motor is shown in Fig. 
1. The generator is driven at constant speed. The control 
| field is used to aid or oppose the series field of the generator. 
Changing and field rheostat setting changes the terminal 
voltage characteristic of the generator, and for each 
setting of the rheostat the motor maintains essentially con- 
stant speed with varying load. By means of the field- 
reversing switch, the generator terminal voltage characteris- 
- tic can be made either higher or lower than the characteristic 
- obtained with the series field only. With the control field 
opposing the series field, the control circuit resistance may 
be decreased to the value of the winding resistance only. 
However, with these fields aiding, the control circuit resist- 
~ ance must be kept high enough so that the generator cannot 
build up an appreciable voltage without the aid of the 
series field. The generator thus never operates as a con- 
_stant-voltage compound machine. 


scribed. 


ANALYSIS 


A* approximate graphical analysis provides a direct ap- 
proach for obtaining the characteristics of this drive. 
It is assumed that the generator-control field current is 
negligibly small compared to the motor current. ‘This 
condition can be obtained by making the number of con- 
trol-field turns sufficiently greater than the number of series- 
field turns. Thus the generator and motor armature cur- 
rents are essentially the same. 

Several curves of terminal voltage V, versus current J 
for the generator are shown in Fig. 2. The symbols are 
defined in Fig. 1 and Table I. The curve 7, for G, = 0, 
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An adjustable-speed drive using a d-c series 
generator supplying a d-c series motor is de- 
It operates well at speeds under 10 
rpm as well as at speeds limited only by me- 
chanical considerations. 
to minimum speed is in the order of 100 to 1. 
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is the terminal characteristic 
with no control field excita- 
tion. Ifaseries motor having 
the same _ voltage—current 
characteristic for a particular 
speed is electrically connected 
to this generator, the drive 
would exhibit constant speed 
under all conditions of loading. For the case when J, and J 
produce aiding magnetomotive forces (G, > 0) and when 
the resistance and armature reaction voltage drops are 


The ratio of maximum 


Table I. Definitions of Symbols 
Machine 1, Machine 2 
Generator Motor 
“DerminalvOltagews. «arta terse ore «ecto orton eerie nae eevee Vil jaitereron serene b 
Motor armature’ currents «Fv. 05 scene c Acie ae oe ol eT Fa ee eee aE I 
Géneratorscontrol field \ecunrentss em siis1e oy eta oe eee 
Reciprocal of control field resistance (mhos)..............- Gy 
Ratio of control field turns to series field turns............. F 
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Generated voltages... rt Ritt Hoe. Melon oo ceene ete tere equ clew cite cee ee ge 
Armature resistance. .. 4.5 <0020s0.0 eS Bea eo te i ade ent NPE Oe er Raz 
Series fieldiresistamce..c.% a coce we othe ch ere ome ett rateteiatoce Rs; Rs2 
Induced emf per rpm per ampere in series field............ is aarti osteo Ry 


neglected, the field current J, is proportional to the line 
voltage V, For any particular value of V, there is required 
less line current J by an amount FI,, which equals FG,V,. 
For a given F and G, the dashed line in Fig. 2 can be con- 
structed. The current FG,V, gives the magnetomotive 
force effect of the control field in terms of an equivalent- 
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Fig. 2. Idealized terminal characteristics of generator 


series field current. Curve 2 is to the left of curve 7 by 
FG,V,, and can therefore be readily constructed. For 
every value of J there is a higher value of V, for curve 2 
than for curve 7._ For the motor characteristic to approxi- 
mate curve 2, its speed must take on a higher value than for 
curve 7. 

If the control field of the generator is reversed, curve 3 is 
obtained for the particular G, chosen above. This results 
in a slower motor speed. The generator curve 3 for 
opposing fields is more nearly linear over the range of load 
currents than curve 7, since it contains the linear com- 
ponent FG,V, and because of the lower saturation. 

A terminal voltage—-current characteristic (curve 7) for 
the motor running at base speed N, is shown in Fig. 3. For 
half of the base speed the characteristic has been approxi- 
mated by taking one-half the voltage for each value of 
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Fig. 4. Speed-torque characteristics 
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CURRENT, I 


Fig. 3. Idealized terminal characteristics of motor 


current J. For 150 per cent of the base speed, the two 
curves are added. A value of input current to the motor 
determines the terminal voltage of the generator, Fig. 2, 
and the motor runs at the speed which gives the same 
terminal voltage for the particular current value, Fig. 3. 
Since the generator curve for G, = 0 and the motor 
curve for N, give the same terminal voltage—current 
characteristic, the motor maintains speed WN, for all 
values of current J. From the fact that different tech- 
niques were used to obtain the curves other than the 
base curves, it follows that generator and motor character- 
istics cannot be completely matched at all speeds. For 
example, if the control field rheostat is set for operation on 
generator curve 2 (Fig. 2), visual comparison of this curve 
and motor curve 2 (Fig. 3) shows that for increasing values 
of current J, the motor must run at decreasing values of 
speed. For good performance in the 
high-speed range, a motor must be 
chosen which operates higher on its 
saturation curve than the generator 
does on its curve (at the base-speed 
setting). The combination of ma- 
chines having the characteristics of 
Figs. 2 and 3 gives the best speed reg- 
ulation at speeds equal to and lower 
than the base speed. Thus for any 
desired range of speeds with good 
regulation, a suitable combination 
of generator and motor can be 
chosen. The wider the range of 
speeds chosen, the more necessary it 
is to confine operation to the linear 
portions of the saturation curves of 
the generator and the motor. 


PERFORMANCE 


5) Bes experimental steady-state 
speed-torque characteristics of 
this drive are shown in Fig. 4. The 
data for these curves were obtained 
from standard machines available 
in Dunham Laboratory of Electrical 
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Engineering at Yale University. The generator speed 
was maintained constant. No special attempt was made to 
choose machines having matched characteristics, but it 


appears that they were effectively matched at the base 


speed. As predicted above, the high-speed characteristics 
show decreasing speed with increasing torque. 

The approximate graphical analysis overlooks special 
effects occurring under conditions of low values of output 
torque. The residual magnetism is important, since it 


enables the generator voltage to build up. At low currents 
the residual magnetism causes the generator to produce 
essentially constant voltage, and the series motor shows its 


characteristic increase in speed with decrease in load as 
this condition would demand. 

The transient performance at very low speeds, under 10 
rpm, is quite remarkable. Application of increased load 
slows the motor momentarily, after which the voltage and 
current build up until the speed returns to its original value 
and the machine supplies the larger torque. However, a 
discussion of this transient behavior and the margin of 
stability is beyond the scope of this article. 


GENERAL CONSIDERATIONS 


ihe drive discussed in this article is an improvement 
over that proposed by A. G. Conrad and E. R. Tribken, 
even though the installed capacity must be the same in 
each case. The improved drive requires a generator and 
its driving unit, each having the full rating of the motor 
driving the load. Only one generator is used, whereas 
in the earlier drive two generators were required. Adjust- 
ment is obtained in the low-current control field circuit, 
rather than by use of a diverter rheostat on the series field 
winding of the generator. Thus the control circuit design 
places no limitations on the power handling capacity of the 
drive. The behavior at slow speeds is excellent, and a very. 
wide range of speeds is attainable. 

_ The design of the drive to meet certain specifications 
does involve a careful choice of machines, but the circuit 
is simple. No exciters are used, nor are electronic control 
circuits employed. It is possible to operate the motor at a 
location remote from the generator and its driving motor, 


since the control field voltage is taken from the generator 
terminals. Only two lines to the motor are necessary. 


Appendix 


MN approximate steady-state algebraic analysis may be obtained 
by assuming linear magnetization curves for both machines. 
Further, armature reaction will be assumed to be minimized by 
compensating windings and therefore it will not be considered here. 
The control field current J; is negligibly small in comparison with 
terminal current J, and thus the generator and motor currents are 
assumed to be equal. The voltage equation for the system is 


Ey, Siler +Rsy M = Eg. t+(Rat+Ree)I (1) 


The voltage induced in the generator is proportional to the speed and 
to the flux, which has been assumed to be a linear function of magneto- 
motive force 


Eq = KiNi(I+FI,) (2) 


The voltage induced in the motor is proportional to the speed and 
to the flux, which is assumed proportional to the current 


Ey, =K2Nol (3) 

The field current J; is given by 

[p= GV, =G [Ego +( Rae t+ Ro )I] = G Eg +G (Rao t+Reoo I (4) 

Substituting 4 into 2 

Eq = KiNU+KiN FG ;Eg+KiN FG (Ra +Reo)l (5) 

Substituting 5 and 3 into 1 

K\NU+KiNiFG sK.NoI+ KiNG (Rao +Rgo I —(Ra tka l= 
K2Nol+(RatRs)l (6) 


The current J is common to all terms, and N2 may be found to be 


Ne RiM, = KiN\FG (Rae +Ree) =, (Ra +Ru ) ay (Rae +R) 
: Ko +KiNiFG Ke 


(7) 


If the speed N;, of the generator is constant, then for each setting of 
the control rheostat all terms in the right hand member of equation 7 
are constant and N» is constant. A change in the setting of the con- 
trol rheostat changes the value of G,;, and this results in a different 
value of Na. Thus the speed is constant for each rheostat setting, but 
it is adjustable over a very wide range. 
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New Method of Machining Hard Materials Is Demonstrated 


Ultrasonic impact grinding is anew means of machining 
hard and brittle materials such as glass, hardened steel, 
semiprecious stones, ceramics, and tungsten carbide by 
ultrasonics. Developed by Raytheon Manufacturing Com- 
pany of Waltham, Mass., the ultrasonic machine tool 
cuts intricate shapes in materials that formerly were difficult 
or impossible to machine. 

The new tool was put through its paces before a group 
meeting recently. In describing the principles behind the 
ultrasonic machine tool at that time, spokesmen for the 
Waltham electronics firm explained that it makes use of the 
peculiar phenomenon called ‘“‘magnetostriction.” The 
word describes an action peculiar to certain metals, notably 
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nickel, which contract and expand minutely when subjected 
to an alternating magnetic field. The Raytheon machine 
tool employs this principle to vibrate a cutting tool at an 
ultrasonic rate. 

The tool is lowered until it is lightly in contact with the 
surface of the work, which is placed on the work-table. An 
abrasive suspended in a liquid is flowed over the work in a 
continuous stream. ‘The power is turned on and the tool, 
moving up and down at ultrasonic speed, drives the tiny 
abrasive particles into impact with the work. Owing to 
the tremendous deceleration, the particles strike the work 
with forces up to 10,000 times their normal weight. This 
action cuts away the material. 
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G regulating and control systems the quantity to be 
controlled is compared to a reference quantity. The 
difference or error is used to maintain the controlled 
quantity near a fixed value. Currents or voltages are often 
used in electric systems as reference quantities. These 
currents or voltages are supplied from circuits which must 
be unaffected by input variations or ambient temperature 
variations, because the controlled quantity will vary as the 
reference quantity varies. 

The average rectified output voltage of a transformer 
made with rectangular hysteresis-loop core material will 
remain constant as the input voltage varies if the input 
voltage always causes the core to saturate. Since little 
flux change can occur after the core saturates, the volt- 
second area transformed into the transformer secondary is 
constant if the input volt-second area saturates the core. 
The volt-seconds which can be applied to a core before 
saturation occurs are not a function of frequency. Conse- 
quently, the volt-seconds on the secondary are constant as 
the frequency of the input voltage varies. However, the 
average value of the rectified output of such a transformer 
varies linearly as the input frequency varies, because the 
number of volt-second areas per given unit of time varies 
as the frequency varies. ‘Transformers operated into satu- 
ration are termed saturating transformers. A resistance is 
connected in series with the input of a saturating trans- 
former to limit current flow after saturation. A saturating 
transformer can be used to provide an electrical reference 
quantity if the input frequency is constant. 

Fig. 1 shows a circuit which employs a saturating trans- 
former and a frequency-compensation circuit. R is the 
current-limiting resistor; 7, the saturating transformer; 
L, and L», linear inductors; and RECT, a dry disk rectifier 
such as a selenium rectifier. If the input is sinusoidal, the 
waveforms are as shown. ‘The change in current 2, is 
essentially the area of the voltage pulses e, divided by the 
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inductance L}. The peak-to-peak value of 7; is constant if 
the input voltage and frequency vary. The rectified value — 
of 71 is shown as the dotted lines on the graph of z2. As 2 
decreases from the value of X/2 when e, decreases, the po- 
larity of Le reverses in attempting to maintain 72 constant. 
When the peak value of 7; is less than the peak value of 72, _ 
the rectifier becomes biased,! and 7; and 72 may flow through 
the rectifier without interaction. From time 3 to 4 the 
current 7) will remain nearly constant if the time constant — 
of (L;+L2)/R’ is long as compared to the period of the — 
input. R’ is the sum of the rectifier (forward resistance), 
load, and copper resistances. At time 4, 7, is less than 72 
and the rectifier becomes biased. Then 72 is determined by 
the time constant of L2/R”, where R” is the resistance of the 
rectifier (forward), the load R,, and the copper of Lz. At 
time 5, 7; and 72 are equal again, and the rectifier ceases to 
be biased. Then /2 is a function of Z;+JZ.2 as e, changes. 
The circuit of Fig. 1 will thus provide relatively constant 
output current 72 as the magnitude and frequency of the 
input voltage varies. 

Variation of the characteristics of the components of Fig. 
1 as the ambient temperature varies has negligible effect 
upon the reference output except in the case of 7. The 
output of the reference is a function of the saturation flux 
of J. The saturation flux of T has been found to decrease 
about 0.07 per cent per degree centigrade increase in tem- 
perature in the case of 50-50 nickel-iron magnetic alloys. 
The current 72 will vary in the same manner. R, may be 
divided into two parallel resistors. If one of the resistors 
varies with temperature, the current in the other resistor 
may be held constant. 

A practical example made from commercially available 
components has the following characteristics: 


Input Output 
100 to 140 volts Temperature compensated for —55C to +100C ambient 
360 to 440 cps 15 + 0.2 milliamperes 
5 watts 50-ohm load 


The device has a volume of 15 cubic inches and weighs 1.5 
pounds. A large number of similar reference devices are 
in service in military and commercial applications. 

Since all of the reference components are static and in- 
herently reliable, the reference device is ideally suited for 
critical military and commercial applications. The com- 
ponents are such that negligible variations in the output 
should occur over periods of service in the order of years. 
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The Maximum Response Ratio of Linear Systems 
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HATis the maximum amplitude thatcan be obtained in 

a linear time-invariant transmission or control system 
subjected to inputs with limited amplitude? This question 
is important in many physical problems. Suppose # is the 
bound on the magnitude of the input amplitude and Ap is 
the smallest number such that the response A(t) satisfies 
| h(?)| < Ao. Then the maximum response ratio r is defined 
by r = fo/b. With this terminology, the question becomes: 
What is the value of r? 

Let w(t) denote the response of the system under con- 
sideration to a unit step function input applied at time ¢ = 
0. In general, the step response w(t) will have alternate 
maxima and minima occurring at times ¢t = fj, fe, t3, etc. 
For example, consider the typical step response shown in 
Fig. 1. In this case there are relative maxima at t = t,; and 
t = ¢3. Discernible minima occur at ¢ = f 2 and t = tg. 
Since the last of the maxima and minima is one of the latter, 
the function rises to its final value, denoted by w(). The 
maximum response ratio r for a system having this step 
function response is given by the expression 


r = 2[w(t) + w(ts)] — 2[w(te) + w(t,)] +0( @) (1) 


Thus the maximum response ratio r is equal to twice the 
sum of the relative maxima minus twice the sum of the rela- 
tive minima plus or minus (plus in this case) the final value. 
The plus sign is used before w( © ) if w(¢) increases to its final 
value and the minus sign is used if w(é) decreases to its final 
value. 

This word statement is the general rule. Although it is 
stated in terms of a finite number of maxima and minima, 
this is no real restriction. Even in the case of a theoretically 
infinite number of oscillations, the contribution after a few 
terms is usually negligible. Certainly to experimental 
accuracy, only those terms which are detectable can influ- 
ence the results significantly. If the last of these is a relative 
minimum, then the function is assumed to rise to its final 
value. If it is a relative maximum, then the function is 
assumed to decrease to its final value. 

The exact computation of the step response and hence 
the maximum response ratio r is tedious, even for a simple 
system, if oscillations are present in the step response. To 
alleviate this situation, an inequality has been developed 
which gives. a bound on r. In general, this is not a least 
upper bound, so that the result is pessimistic. However, 
numerical examples have shown the bound to be reasonable 
for certain typical systems encountered in controls work. 

Linear time-invariant systems are characterized by a 
transfer function, which is denoted by G(s), where s is the 
complex variable s = ¢ + jw. Under the usual conditions 
of stability, G(s) is analytic for all o > oo, where oo is nega- 


tive. In this case the following inequality holds 
1 C+j0 
r<— — G_a(s)G—a(—s) ds, a<|oo|/2, —ax<c<a (2) 
2a 2x) c—jo 
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Fig. 1. 


Response to a unit step function 


eG) 


Fig. 2. Function producing maximum output at time t=0 


where the function G_,(s) is defined to be G(—a + s). In 
most cases of interest, G(s) and hence G_,(s) is a rational 
function of s having real coefficients. As a consequence, the 
integral may be evaluated by well-known techniques de- 
veloped for such integrals arising in problems of filter or 
control system optimization. 

The problem which led to this investigation involved a 
servomechanism which uses a digitalized or quantized 
pickoff on the output. The quantized signal may be con- 
sidered the true signal plus a “‘disturbance.”” The latter 
is bounded by plus or minus one quantum or digit. Viewed 
in this manner, the disturbance signal is effectively fed into 
the input of the servo. Under the assumption of linearity 
of the equivalent system, the effect of the disturbance can 
be no greater than the maximum response ratio 7 times the 
physical amount represented by one quantum of signal. 
If this effect is sufficiently small, then the effect on the posi- 
tional accuracy should be negligible. 

It would seem that a knowledge of the maximum re- 
sponse ratio r could be useful in many other situations. 
For instance, in quasi-linear systems the linear ranges of 
various elements in the system put limitations on the allow- 
able input level for linear operation. Determination of 
the allowable limit on the input might well be accomplished 
by using linear analogues and establishing the permissible 
ranges experimentally, using the step response as outlined 
in this digest. 
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An Alpha Plotter for Point-Contact Transistor 


Te bwe Yoke Vat 


HE alpha-emitter cur- 
| Rae characteristic is of 

great importance in 
large-signal applications of 
point-contact transistors. The 
majority of these applica- 
tions consist of switching and computing circuits that 
utilize the inherent ability of the point-contact transistor 
to present a negative resistance characteristic at its input 
terminals by virtue of the fact that alpha exceeds unity in 
the active region.! A common property of these circuits 
is their possession of two definite states; they are either 
“off? or “on.” The speed at which they switch from 
“off” to “on,” and the degree to which they are “off or 
*‘on” is determined by the negative resistance characteristic 
which, in turn, is governed by alpha. Consequently, an 
alpha plot can serve as a figure of merit for point-contact 
transistors in switching as well as other similar applica- 
tions. 

An ideal alpha-emitter current curve is illustrated in 
Fig. 14. Note the rapid increase in alpha as the 
emitter current increases positively through zero. The 
slope of this segment of the alpha curve is a measure of the 
ability of the transistor to switch rapidly from an ‘“‘off”’ to 
an ‘‘on” state. A large slope is desirable. 

Alpha usually decreases from its peak value as J, con- 
tinues to increase positively. If alpha decreases too 
rapidly as in Fig. 1D, the negative resistance of the 
transistor is insufficient and it operates poorly as a re- 
generative switch. On the other hand, if alpha shows 
additional peaks or exceedingly high values with increasing 
I, as in Fig. 1C, the transistor may show tendencies to 
be unstable and to oscillate. 

Furthermore, the alpha plot is a function of the collector 
voltage. Fig. 1B indicates a transistor that performs 
poorly at low collector voltages. 


A test set for showing a plot of alpha versus 
emitter current on an oscilloscope is described. 
It is useful in the application of point-contact 
transistors in large-signal switching circuits. 


: 


Earlier alpha plotters were 
instruments of the tall 
relay-rack type. The cir- 
cuits utilized vacuum tubes 
requiring large power sup- 
plies. Also, some equip- 
ment contained built-in oscilloscopes, vacuum tube volt- 
meters, etc. At the General Electric Company, the Ad- 
vanced Electronics Center’s philosophy is aimed towards 
utilizing generally available laboratory instruments in 
conjunction with a compact low-cost alpha plotter. This 
type of test set is believed to be especially attractive to 
commercial or military engineering laboratories engaged in 
transistor application work. 

The alpha plotter whose design and operation are the 
subject of this report is patterned functionally on the 
Bell Telephone Laboratories design; but all the circuitry 
is original. In fact, the circuitry was transistorized and 
plotted wherever possible, so that this design is superior to 
the previous ones in. numerous respects. For instance, 
this superiority is obvious as far as space, weight, and 
power consumption are concerned. 


OBJECTIVES 


This project was undertaken with the following pur- 
poses: 


1. Survey the work done by other laboratories in the 
design of alpha plotters. 

2. Establish the degree of usefulness of this type of 
instrument as evidenced by the results of survey of the 
other laboratories’ work. 

3. Design, construct, and test a portable, easy-to-use 
test set for displaying a versus J, on an associated oscillo- 
scope. 


BLOCK DIAGRAM 


' ‘HE alpha-versus-emitter 
current plotter is shown 


[TRANSISTORIZED | TRANSISTORIZED ; eee i 
lel viooners manoo Ke ey Sect Lascee in block diagram form in 
: (POTTED) DETECTOR Fig. 2. Fig. 3 is a schematic 
ie a g : Te P cocLecToR of the alpha-plotter. This 
Nw ira ao i 
Bt A SUPPLY test set provides voltages 
a = . 
= proportional to alpha and 
i EMITTER ] i 
3 pata I, for oscilloscope display. 
si [_oscuaror | 
B TO OSCILLOSCOPE 
d Ie The second of a series of three special ar- 
ae ticles on point-contact transistors to be pub- 
lished in Electrical Engineering. “Testing 
A Point-Contact Transistors for Pulse Appli- 
_ cations” by T. L. Wooley appeared in the 
; i 2 October 1954 issue, pp. 981-7. 
: Fig. 1 (left). Typical alpha versus emitter current curves of point TP. Sylvan das toe ee 
a x . ot. er. wil € en- 
contact transistors: A—Ideal; B—Family with the collector voltage as param- eral Electric Company, Avene Elec- 
. eter; C—Typical example of erratic behavior; D—Example of early overload. tee pees Cornell petra parce = 
ie Les F + and is n worki - 
Ie Fig. 2 (above). Block diagram alpha versus emitter current sweeper vanced degree at Gornell\ene rsaty x 
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Fig. 3. Point-contact transistor alpha plotter, schematic diagram 


In contrast to the laborious and time-consuming point-by- 
point methods, this plotter provides a fast and more 
complete way of observing the variation of alpha with 
emitter current and collector voltage. 

The emitter sweep oscillator provides the emitter “‘bias”’ 
current for the transistor. It oscillates sinusoidally at 
33 cps; its output is directly coupled to the horizontal 
input of the oscilloscope. 

The 100-kcps oscillator provides the small “signal’’ 
current by means of which alpha is measured. The 
‘composite emitter current is composed of this signal 
current superimposed upon the “bias” current. A high- 
pass filter isolates the 100-kcps oscillator from the sweep 
oscillator; and, conversely, a low-pass filter isolates the 
33-cps oscillator from the signal oscillator. In order to 
guarantee that the transistor input always presents a 
positive resistance so that undesirable oscillations are 
avoided, an external resistor is inserted in the emitter lead. 

The composite collector current is composed of a 100- 
keps signal superimposed upon the 33-cps bias. Alpha, 
the a-c short-circuit current gain, is the ratio of the magni- 
tude of the 100-kcps current component at the collector 
to the magnitude of the 100-kcps current component at the 
emitter. This ratio (alpha) varies with the amplitude of 
the sweeping emitter bias in the manner indicated by 
Pig.) 1: 

Since the 100-kcps signal component at the collector 
is rather small, amplification is necessary before detection 
and transmission to the vertical input of the oscilloscope. 
A high-pass filter is inserted to isolate the amplifier- 
detector from the 33-cps bias current. 

Examples of waveforms are shown in Fig. 1. The abrupt 
changes in alpha, and the irregularities displayed by 
faulty units, show the definite need for a simple visual 
means of observing this characteristic. ‘The fast rise times 
also indicate the need for a wide-band amplifier. 

Calibration of the instrument is achieved by means of 
internal circuitry. Alpha calibration is made against a 
unity reference obtained on the oscilloscope by short-cir- 
cuiting the emitter to the collector leads and opening the 
base circuit. J, calibration is achieved by applying a 
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measured current to the emitter circuit, 
details of the alpha plotter. 


Fig. 4 shows the 


33-CPS SWEEP OSCILLATOR 


vd ees 33-cps oscillator provides the current that biases 
the emitter. Both the sweep trace and retrace can 
be utilized without blanking, with the result that any 
hysteresis effects produced by the transistor become 
apparent. In practice, it is found that on the higher 
sweep ranges or with the higher oscilloscope amplification, 
slight phase shifts in the 100-kcps amplifier and the oscillo- 
scope amplifiers become apparent so that the trace and 
retrace patterns are slightly displaced with respect to 
each other. In this case, it is necessary either to recognize 
the correct trace, or to blank one of them. The swept 
emitter current swings both positive and negative; thus, 
the transistor characteristics on either side of the origin 
are displayed. Care must be taken to avoid exceeding the 
maximum reverse voltage ratings of the test transistor. 
The circuit shown in Fig. 5 illustrates one of the methods of 
limiting the magnitude of the reverse voltage applied to 
the emitter of the transistor. 

The frequency of 33 cps was selected for the following 
reasons: 


1. 33 cps is above the flicker frequency, yet still low 
enough so that both display bandwidth and signal fre- 
quency are minimized. 

2. 33 cps is neither a multiple nor a submultiple of 
60 cps, so that any pickup originating in the power 
circuits is immediately apparent and may consequently 
be eliminated. 


The circuit consists of a conventional phase-shift oscil- 
lator employing a 3-mesh feedback network.*? This type 
of oscillator was selected because it requires a minimum of 
components and insures a relatively pure sinusoidal output 
waveform. Also, the frequency is relatively independent 
of the supply voltage. The 72AT7 twin triode provides 
within a single envelope both an amplifier and a buffer 
stage. The 64Q5 produces the power required to drive 
the emitter of the transistor under test. ‘The load in the 
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emitter circuit is approximately 7,000 ohms. This sweep 
oscillator is capable of delivering 80 volts rms across this 
load which corresponds to a peak emitter current of 11 
milliamperes. 


TRANSISTORIZED 100-KCPS OSCILLATOR 


Nee band of 6 kcps was chosen for the alpha- 
versus-I, waveform for reasons which will be dis- 
cussed later. Filtering design considerations dictated a 
signal frequency at least one decade above the top display 
harmonic of 6 kcps, so 100 keps was chosen. ‘The oscillator 
circuit provides an emitter signal current of 1 micro- 
ampere. This circuit’ was chosen because of its extreme 
simplicity and good characteristics. It requires no specially 
constructed components, and it gives stability of output 
waveform and tolerance to component and voltage changes 
comparable to that of conventional tube circuits. Power 
supply drain is less than 50 microamperes. ‘The in- 
ductance of 2.2 millihenries is a simple untapped winding 
with a Q of 50. The optimum tank capacitor ratio was 
found to be about 10. The 33-K resistor mainly determines 
the angle of conductance of this Colpitts class C’ oscillator 
and hence the current drain. Distortion results if a re- 
sistance less than 25 K is used, and the output voltage is 
reduced sharply if larger values are used. The 30-K 
potentiometer in the collector circuit limits the forward 
collector-current flow when the collector is positive and 
provides a control of the oscillator amplitude. Together 
with the resistive component of the inductance, it prevents 
clipping of the output voltage waveform. This circuit is 
potted to maintain a high degree of stability in the circuit. 


HIGH-PASS FILTER 


INCE the 33-cps emitter-current component is about 
40 db greater than the 100-kcps component, it is 
necessary to attenuate the 33-cps signal before passing the 
collector signal to the amplifier-detector circuit. A simple 
T-type section is used for this purpose as shown in Fig. 5. 
The 33-cps attenuation is approximately 80 db while the 
attenuation of the 100-kcps signal is about 3 db. 

The input impedance of the combined filter and ampli- 
fier-detector circuit is less than 1,000 ohms so that the 
approximation to the short-circuit collector requirement 
for the measurement of alpha is adequate. A low-im- 
pedance path of about 600 ohms is provided for the 33, cps 
signal through the collector voltage supply. 


aes RANGE MA 
CAL. READ CAL. 02 10 5.0 
ALPH: 


fuss INPUT 1OQKC OSC, GOT: 


TRANSISTORIZED 100-KCPS AMPLIFIER-DETECTOR 


HE 100-kcps amplifier is used to amplify the 100-keps 
ete signal. This amplifier is a 3-stage stagger- 
tuned circuit using three transistors in the grounded- 
emitter connection. Impedance matching between stages 
was accomplished by the use of inductance-capacitance 
circuits tuned to approximately 100, 108, and 92 kcps. 
The Q of the resonant circuits was about 33 and the over- 
all bandwidth (half-voltage points) was approximately 12 
kcps. The frequency characteristics of the amplifier- 
detector system are shown in Fig. 6. 

The choice of emitter and collector bias resistors was 
not critical except in the last stage where a careful selection 
had to be made to preserve the over-all linearity of the 
amplifier. A certain amount of negative feedback has 
been incorporated by the choice of decoupling capacitors 
used. 

The envelope detector uses a simple full-wave bridge 
with 7N63 whisker diodes followed by a 2-section L-type 
low-pass filter.. Careful selection of the values of the 
components in the filter circuit had to be made so as to 
provide maximum filtering without sacrifice of circuit 
response or linearity. The variation in the forward re- 
sistance of the diodes with voltage made it necessary to 
use a high value for the series resistance in order to preserve 
the over-all linearity. To prevent excessive broadening 
of the trace on the oscilloscope, it was necessary to provide 
sufficient attenuation of the a-c component of the rectified 
signal which required high values of capacitance and 
inductance. On the other hand, the necessity of repro- 
ducing the alpha curve accurately required a low time 
constant for the filter circuit, which in turn required low 
values for the capacitance and inductance. A compromise 
gave a value for the broadening of the trace of less than 
0.5 per cent and a time constant for the filter circuit of about 
40 microseconds. This filter circuit gave satisfactory 
correspondence (a minimum of hysteresis) between the 
waveshapes for the trace and retrace except for the highest 
sweep ranges with the greatest magnification. 

The 100-kcps input current is the quantity which is 
proportional to alpha. It is to be displayed on an oscillo- 
scope with a relatively high input impedance. A linear 
relationship is thus required between the input current 
and the output voltage of the system. A plot of the output 
voltage versus the input current indicates good linearity 
for input currents up to 5 
microamperes. Since the 100- 
keps emitter current is ad- 
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Fig. 4. Detail of point-contact transistor alpha plotter: Left—Front view; Right—Top view of keps signal center frequency. 
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passed by this amplifier is 
then slightly more than 150. 
Experience indicates that this 
is adequate. 
> 
POWER SUPPLIES 
A FULL-WAVE rectifier and 
a voltage-doubler  cir- 
cuit provide all voltages neces- 


sary to operate the alpha 20 40 60 80 100 
FREQUENCY (kcps) 


plotter. The full-wave recti- 
fier contains a voltage divider 
to provide outputs of +210 
volts, 50 ma, and 0 to —30 
volts. The former supplies 
plate voltage to the 33-cps sweep oscillator while the 
latter supplies collector voltage to the test transistor. 

The voltage-doubler circuit utilizes the 5-volt filament 
winding of the power transformer. Its output is also 
applied to a voltage divider to provide outputs of —6 volts, 
3 ma, and +1.5 volts, 3 ma. This circuit supplies operat- 
ing power to the 100-kcps oscillator and the 100-kcps 
amplifier-detector. 


OPERATING PROCEDURES 


HE external controls and connections on the alpha- 
versus-/, plotter are as follows: 


1. Two sockets for test transistors, one for the Western 
Electric type and one for the conventional type. 

2. Output to an oscilloscope for alpha indication. 

3. Output to an oscilloscope for emitter current 
indication. 

4. A power switch and a pilot light. 

5. Accontrol for adjusting the magnitude of the emitter 
sweep current. 

6. A control for adjusting the d-c collector voltage. 

7. A meter which indicates the d-c collector voltage 
and also serves to calibrate the emitter current on the 
oscilloscope. 

8. A switch giving four ranges of emitter current 
magnification on the oscilloscope. 

9. A switch used for calibration of alpha and the 
emitter current. 

10. An output to be used for blanking of one of the 
traces on the oscilloscope. 


In addition to these controls, an internal control is used 
to adjust the output voltage of the 100-kcps oscillator. 
This control should be set so that the voltage from the high 
side of the 1-megohm emitter-current resistor is 1 volt. 
Once this is set no change should be necessary unless the 
transistor in the oscillator circuit is changed. 

After the test set has been allowed to warm up, the 
oscilloscope may be calibrated for emitter current by setting 
the emitter sweep range switch at 1 and the calibrate 
switch at Calibrate I,. The emitter current (d-c) is read 
directly on the panel meter and may be adjusted with the 
V, Adjust control. The oscilloscope controls should be 
set to give a deflection of 1 inch for a current of 1 milli- 
ampere. Various values for the emitter sweep deflection 
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Fig. 5 (left). Frequency response of high-pass filter. 
transistorized 100-kcps amplifier-detector 


Syluan—Alpha Plotter 


= tO 
eed MPP 
ts a fala Salles SIE 
Sie ed te Ty ese a 
eC RET 
< 0.5 a 
5 0.4 
= soe 03 
a =) 
Ei eaa rtd eet pideubun see 
HA OP a 


{20 140 {60 {80 90 95 100 105 {10 5 {20 
FREQUENCY (kcps) 


Fig. 6 (right). Frequency response of 


can then be obtained without recalibration by use of the 
emitter sweep range selector switch. 

The alpha calibration may be made by setting the 
calibrate switch to Calibrate Alpha and setting the oscilloscope 
controls to give the desired deflection for an alpha of unity. 

The calibrate switch should be returned to the Read 
position and the transistor to be tested may be inserted 
in the proper socket. The emitter sweep current should 
always be set as low as possible to cover the desired range 
so as to obtain the best response from the amplifier-detector 
circuit. ‘To avoid the danger of damage to the test tran- 
sistor, both the emitter current and the collector voltage 
controls should be returned to the minimum positions 
before inserting or removing the test transistors. Also, it 
should be noted that whisker transistors using /-type 
semiconductors or n-p-n junction transistors cannot be 
measured with this set without reversal of the polarities 
of the collector and emitter supplies. 


CONCLUSIONS 


A TEST set is described for displaying a plot of alpha 
versus emitter current on an oscilloscope. This 
instrument is useful in the application of point-contact 
transistors in large-signal switching circuits. 

Alpha, the a-c short-circuit amplification, can be ex- 
hibited graphically as a function of emitter current and 
collector voltage with a small test set consisting of: 


1. 100-kcps emitter-signal current-generator.* 
2. 33-cps emitter-bias-sweep-current generator. 
3. <A high-pass filter. 
4. A 100-kcps amplifier (gain 50 db, bandwidth 12 
keps).* 


Appendix 


PARTS LIST FOR ALPHA PLOTTER 
1 Chassis and sloping front panel 8 by 14 by 8 inches 
0-3 ma d-c meter 3 by 3 inches 
Pilot light 
UG290/U BNC jacks 
Switch and potentiometer knobs 
Set of labels 
Coil shields 11/2 by 11/2 inches in diameter 


RRPUNR 


* Transistorized. 
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SWITCHES 
1 Dpst Toggle 
1 1-circuit, 4-position ns 


1 6-circuit, 3-position ns (Mallory 7323L) 


TUBES 
f. ox 
1  6AQ5 
ie 12477 


DIODES AND TRANSISTORS 
4 Junction transistors GE 2N34 


1 GE 1N91 
2 GE 1N70 
4 GE 1N63 
SOCKETS 
4 7-pin miniature tube 
1 9-pin miniature tube 
4 5-pin subminiature tube 
1 Western-Electric-type transistor socket 


TRANSFORMERS 


1 Stancor P6779 
il Stancor A3&77 


COILS AND R-F CHOKES 


1 1.0 mh (B6) 

1.53 mh (B35) 

2.06 to 2.60 mh (B4) 

2.45 mh (B7) 

9.6 mh (B7) 

43 mh (B2) 

2 section 300-turn and 700-turn No. 36 wire wound on 3/8 
inch slugtuned ceramic form (B3) 


PhyprPN PR 


CAPACITORS 


20-20 pfd 450-volt electrolytic 
50 ufd 25-volt electrolytic 
25 pfd 25-volt electrolytic 
10 ufd 150-volt electrolytic 
4 pfd 25-volt electrolytic 

1 pfd 400-volt paper 

0.1 ufd 400-volt paper 
0.06 ufd 400-volt paper 
0.01 ufd disk 

6,800 wfd mica 

5,100 ufd mica 


= 


NNWRP WRN WR fF 


3,300 pyfd mica (approximately ) 

1,000 to 1,500 uufd mica (depending on exact coil values) 
1,000 pyfd mica f 
470 ppfd mica 
il 330 uyfd mica 


POTENTIOMETERS 


il 500-K 1/2-watt 
1 30-K 1/2-watt 
1 1-K 3-watt 


RESISTORS 


1-M 1/2-watt 

120-K 1/2-watt 

100-K 2-watt 

100-K 1/2-watt 

47-K 1/2-watt 

33-K 1/2-watt 

22-K 2-watt 

22-K 1/2-watt 

10-K 1-per-cent precision 
10-K 1/2-watt 

56-K 1/2-watt 

5-K 1/2-watt 

4-K 2-watt 

3.75-K 1-per-cent precision 
2.2-K 1/2-watt 

1.5-K 10-watt 

1-K 1/2-watt 

1-K 1-per-cent precision 
680-Q 1/2-watt 

500-0 1-watt 

270-Q 2-watt 

200-© 1-per-cent precision 
100-Q 1/2-watt 

50-Q 1-per-cent precision 
33-Q 1/2-watt 


at a a Pe 


FPN WH Re 


—= 


RP RP DP RPP RPP fh RP NP RP RP RP YW RP PRP RP PrP rr 
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X-Ray Microscope Magnifies Up to 1,500 Diameters 


X rays are used to look inside all sorts of things, ranging 
from huge castings to the human body. Now scientists 
will soon have at their disposal a new General Electric 
Company instrument that will enable them to magnify and 
X-ray subjects which are smaller than the human eye can 
see. 

Called the X-ray Microscope, the instrument was de- 
veloped by the firm’s General Engineering Laboratory, 
Schenectady, N. Y. It will be produced, after further re- 
finements in design, by the company’s X-ray Department 
in Milwaukee, Wis. 

Capable of wide use in medical science, biology, and in- 
dustry, the device magnifies up to 1,500 diameters and per- 
mits the study of grain structure in metals, the cell structure 
of bones and human tissue, the internal organs of tiny in- 
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sects, and of various other subjects which are opaque to 
light. 

Scientists in the laboratories of the United States and 
European countries have long endeavored to develop a 
practical device of this kind that can be produced in quan- 
tity. The principal feature of the G-E instrument is an 
electrostatic lens system that provides an X-ray source 300 
times smaller than a human hair. This is important be- 
cause the larger the X-ray source, the lower the potential 
magnification of specimens. 

A conventional X-ray source cannot be made smaller 
than about 1/8 inch in diameter, and even a source as small 
as one 1,000th of an inch gives magnification no greater 
than that which can be provided by an ordinary reading 
glass. 
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The Effect of Frequency and Voltage on Equipment 


RICHARD HOLGATE 


ASSOCIATE MEMBER AIEE 


ihe effect of low frequency and low voltage on power 
plant equipment, as well as on residential consumers’ 
equipment during periods of trouble on power systems, is 
considered in this paper. 

In the operation of the Pennsylvania—New Jersey Inter- 
connection there have been occasions of low frequency. 
This low frequency was caused by the loss of major trans- 
mission lines which left an isolated area short of generating 
Capacity. 

The operating personnel, concerned about this low 
frequency, asked how low the frequency could drop be- 
fore a generating station would be forced off the line by a 
reduction in the output of the station auxiliaries. Tests 
were conducted on two Philadelphia Electric Company sta- 
tions to duplicate low-frequency conditions. These tests 
were conducted at Station A which is thermal, and at Sta- 
tion B which is hydro. 

At each of these stations there is aseparate house genera- 
tor, so that the frequency of the supply to the auxiliaries can 
be varied. 

Station A was able to carry full load with a 15-per-cent 
reduction in frequency and a 13-per-cent reduction in volt- 
age. ‘The limiting factor was the discharge pressure on the 
boiler feed pumps, although the induced draft fans were 
also approaching the danger point. 

___ Station B was able to carry full load with a 12.5-per-cent 
reduction in frequency, and an 8-per-cent reduction in volt- 
age. This test indicated that the limiting factors would be 


the governor oil-pump motor and the generator excitation 


supply; however, these limits had not been reached under 
the test conditions. 

The results of the test at Station A were distributed to the 
other steam generating stations in Philadelphia Electric 
Company with the request that the test data be used to 
analyze their equipment wherever possible. The design 
characteristic curves of Station A auxiliaries were compared 
with the characteristic curves of other station auxiliaries, 
The effect of frequency and voltage on the other steam 
generating stations’ reliability and capacity was determined 


as follows: 
Capacity at Various Frequencies 
Station 60 Cycles 57 Cycles 54 Cycles 
(ay, oe Seer Oe eee ORE See cae ae weno LSOR sh yeornt arma ret ers. 180 
Pence s watts socom eae DS Dem miecty eterierseexcrie ecu © BAD ice Mae Ce sr eee 
E ASOK eM a srectaa rant oy ese are AGG sh irthe eee ecb heck yeas 424 
IMs eray Nha feneieis, anise tonaie AG peice sas or svete Sasi sere Sei AGT os cok Messiaen ere ars, < 466 
(Sis divert Con A ee CCIE ABA Nee rare ue es, «. si ters BIS Fae Ret cide seietes aes 175 
ah OIG ano Or ane 3 OAM tes Mec fete iateust si eertarion is SOA. cease Ean eee 364 
IBMT aacig as sos te cen ss Waa SAE ee eee DoD ee Recea Peias tere ates 52 252 
Total 2135 2,129 2,103 


It was concluded that with 10-per-cent reduction in fre- 
quency, Philadelphia Electric Company capacity would 
be reduced 1.5 per cent. 
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Manufacturers recommend only a +3-per-cent change in 
frequency as a safe limit for turbines. The determining 
factors involved are rotor critical speed, resonant blade fre- 
quencies, water gland runner and oil-impellor performance, 
and coupling torque. The most critical item relates to 
blade frequency. 

This study indicated that in time of system trouble the 
Philadelphia Electric Company system could operate at a 
frequency 10 per cent below normal without serious conse- 
quence to equipment, except for the possible damage to 
blading while passing through critical speeds. Since tur- 
bine manufacturers’ limit is 3-per-cent drop in frequency in 
order to safeguard the turbine blading, this study confronts 
the power companies with one major question: Should 
load be dropped at 58.2 cycles to protect blading, or should 
possible damage to equipment be risked to maintain con- 
tinuity of service to the customers? 

Tests were conducted at a local college with different 
combinations of appliances. The circuit was arranged to 
give power factors of 83, 95, and 99 per cent. At the 83- 
per-cent power-factor load and a constant 60-cycle fre- 
quency, the watts decreased in almost direct proportion with 
voltage. When the appliances were operating at reduced 
frequency the watts decreased in greater proportion with 
voltage. 

A television set was placed on test at 55 cycles by a local 
manufacturer. A slight hum in the set was noticed with a 
slight weave through the picture. ‘The sides moved in one- 
eighth of an inch, and no excess heating was experienced 
during the test. 

Motor manufacturers’ standards for small motors are 10- 
per-cent voltage variation or +5-per-cent frequency vari- 
ation, with a combination of voltage and frequency of +10 
per cent for unlimited time. 

This study indicated that small motors and appliances 
could operate satisfactorily when there is a 9-per-cent re- 
duction in frequency and a 10 per cent reduction in volt- 
age. 

The effect of frequency and voltage on system load de- 
mand cannot accurately be determined in the laboratory, 
unless the proportion of different types of load is known. 
It would be necessary for each power system to conduct an 
actual test on its own system to determine this effect on fre- 
quency and voltage. 
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480 Wye/277-Volt Power System in 
Telephone Building at Menands, N. Y. 


D. S: BRERETON 


ASSOCIATE MEMBER AIEE 


HERE is an increasing 
ci paced for the mod- 

ern commercial build- 
ing to employ voltages above 
the conventional 208 wye/ 
120 volts. This has been in- 
creasingly true for new buildings with a load of a few thou- 
sand kvaor above.! For these buildings, the distribution 
voltage has been 480 wye/277 volts with a substantial 
portion of the utilization at this voltage. ‘These loads in- 
clude lighting, air-conditioning motors, elevator and other 
service machinery, and motor-pump sets. 

A small building, with a load of less than 1,000 kva, 
has proved to be more economical at 480 wye/277 than at 
208 wye/120 volts in a number of cases. One such case is 
the Twin Falls High School at Twin Falls, Idaho.? 

The purpose of this article is to make available the results 
of the economic studies at the two voltage levels and to show 
the effect of conventional 120-volt switching in comparison 
with 24-volt remote-control branch-circuit switching. ‘Two 
conclusions resulted: a revaluation of the branch-circuit 
wiring to the effect that it is a relatively minor part of the 
system for the building; and the flexibility of a master con- 
trol switching system takes on more importance than first 
realized. 

The rectangularly-shaped brick-veneered office build- 
ing is 102.5 feet by 248.5 feet. With each floor having 
25,470 square feet gross, the total area for the building be- 
comes 76,410 square feet gross. The three floors are similar 
in design, the individual offices being provided with 
movable metal partitions. Fluorescent lighting is supplied 
by 8-foot slimline tubes. Incandescent lighting, operating 
at 120 volts, is used in the cafeteria and other isolated areas. 


BASIS FOR SYSTEM STUDIES 


ie choosing the 480 wye/277-volt power system for the 
new telephone building, a very careful review was made 
of the economic and engineering features of supplying power 
by using: 1. a 480 wye/277-volt system with 24-volt re- 
mote-control switching; 2. a 208 wye/120-volt system with 
24-volt remote control switching; and 3. a 208 wye/120- 
volt system with regular 120-volt switchings. 

One of the first steps in comparing the choice of using a 
secondary voltage level of 480 wye/277 or 208 wye/120 


A paper, 1 of 11 in special publication §-66, recommended by the AIEE Transmis- 
sion and Distribution and Industrial Power System Committees and approved by 
the AIEE Committee on Technical Operations for presentation at the AIEE Fall 


General Meeting, Chicago, Ill.; October 11-15, 1954. Published in AIEE Applica- 
tions and Industry, November 1954, 


D. S. Brereton is with the General Electric Company, Schenectady, N. Y., and H. J. 
Donnelly is with the New York Telephone Company, Albany, N. Y. 
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A comprehensive evaluation and cost comparison 

between 480 wye/277- and 208 wye/120-volt 

power system is given for a modern building 
having a load of several kva or over. 


Brereton, Donnelly—Power System at Menands 


HJ; DOW Bay 
ASSOCIATE MEMBER AIEE 


in the building.. Because the 


within a 208 wye/120-volt 


° ° 1 
system, with the exception of | 
the elevator and ventilating 


motors which would be 208 volts, 3 phase, the loads are 
itemized in Table I for the 480-volt system only. 


Table 1. Loads for 480-Volt System 
Kilovolt-Amperes Per Cent 

120-volt 

Kitchen Weqtipmie mite ysis: aletalsielopeeaiale micis itn) tern 18 

Boiler/room) equipments. ./-). <1. 1 -1s|-'4)tals = «eels oi 30 

ighting jincandescen ter yetate stat aletelslaie atslaisieteiale oleate 40 

Office machines (estimated).............cc0ceecece 182 

Potall var re series c.cce yale = av) oliacetaiiela nel if efe arate staal sie 270). x wets career 54.6 
480-volt 

19) ERS) Goon ot ee oem ninn Conan Yada O60 og macs) amore 10 

Ventilating Motors. 27. .5.\njer=iuinials detsielalo ee tnain aeiptes) a 26 

TRAY AE Gog andhtcocbns cogpeasuconrc ess eerie one 36% ac -3 sacs Tad 
480 Wye/277-volt lighting 

"Potal KVain cis ce + cei cis celeioisleieks oie eee ete eee 190% Shy2 eee Aceon tie 38.2 

Building kh vania.§ sc cicsvee.c + oper weve eieltate whe aie mtatereriees FI Goi e Tee tann at at tarot 100.0 


The lighting load represents about 3.0 volt-amperes 
per square foot, including both the fluorescent and in- 
candescent lighting, against the 120-volt office machines at 
2.4 volt-amperes per square foot, and all the remaining loads 
in the building at 1.1 volt-amperes per square foot. 

Based on past generalizations, it may be thought that a 
480 wye/277-volt system would not be more economical 
than a 208 wye/120-volt system for a small building such as 
this in which more than half the load must operate at 120 
volts. ‘The general application of a 480-volt system for 
small buildings is discussed in more detail in the conclusions 
of the article. The results of the comparisons that follow 
show that the 480 wye/277-volt distribution can be more 
economical for a small building with only a few integral- 
horsepower machines and having a 120-volt load as high as 
54.6 per cent of the total. 

Note that this telephone building does not include air- 
conditioning equipment of any kind. If it had been in- 
cluded as a centralized air-conditioning equipment, it 
would have increased the load and could have used mo- 
tors rated 440 volts. This would most certainly make 
the 480 wye/277-volt system even more economical be- 
cause the percentage of 480-volt load would be higher. 

Louvre brightness was controlled by employing matte 
aluminum reflectors. 
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loads would all be at 120 volts . 
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INSTALLED COSTS 


cables, or substations, is lowest for the 480 wye/277- 
volt system, an evaluation based on equipment cost only 
would be inconclusive for a study such as this. A preferred 
and a more representative comparative base is installed 
cost. Previous studies’ were also made on the basis of in- 
stalled cost. These studies omitted items related to the 
electric system such as the underfloor duct system, 
lights and fixtures, and the actual first cost of machines, 
but did include the effects of such items. This article gives 
the additional information for the sake of completeness. 
__ The system cost comparisons are based on sound system 
engineering. It should be noted, however, that local codes, 
type of building construction, and other factors may alter 
the engineering choice of equipment and the total installed 
cost for a similar building in other localities. One of the 
National Electrical Code requirements enforced for this 
building was the required use of asbestos wire to make direct 
connection to the fluorescent fixtures. This and other 
points dealing with codes are covered in detail later. 


INCOMING 4,160-VOLT SERVICE 


A single 4,160-volt service was made available from the 
local utility. Their service terminated at the utility 
pole and the telephone company supplied the cable service 
to their metal-clad switchgear equipment, which consisted 
of an entrance compartment for the power company’s 
metering, a second compartment containing the control 
power transformer, and a third compartment containing a 
‘single magne-blast power circuit breaker, rated 4.16 kv, 
150 megavolt-amperes interrupting, 1,200 amperes, and 
using a-c close and d-c trip from a 24-volt battery. 

Four single-conductor no. 4/0 5-kv Super Coronol* 
‘cables are used to connect between the metal-clad switch- 
gear and the unit substations. ‘These services are termi- 
nated at the load center primary Pyranol* filled switches. 
Provision has been made for connecting additional sub- 
stations to this 4,160-volt cable service. ‘The fourth wire, 
neutral ground wire, is terminated on the ground pad of 
the load center substation transformer. The neutral is 
presently disconnected at the utility pole. It is hoped that 
the connection of this neutral wire to the utility system will 
~soon be made. This will decrease the zero phase sequence 
impedance to assure a proper and low impedance ground 
return of ground-fault current through this return neutral 
wire instead of forcing it through a building structure or 
piping, should a fault occur in one of the transformers. 

The two load center unit substations are located on the 
first floor and have a normally open secondary tie to form 
a “secondary selective” system. ‘This type of system is 
very adaptable to commercial buildings supplied at 
primary voltage and is being increasingly specified. This 
arrangement permits one of the substation transformers to 
be removed from service for routine maintenance. By clos- 
ing the tie circuit breaker, the other transformer can supply 
the essential loads on both substation busses to keep power 
available everywhere in the building. This system provides 
a high order of safety because the switching, for transferring 


* Registered trade-mark of General Electric Company. 
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gee the cost of materials, such as lighting fixtures, 


Fig. 1. Typical 
panelboard layout 
during construc- 
tion. The electric 
services are in the 
box at the left, 
and the telephone 
and signal circuits 
are handled in the 
two boxes to the 
right 


load, is handled on the secondaries by an adequate circuit 


breaker. 


SYSTEM A: 480 WYE/277 VOLTS, 24-VOLT SWITCHING 


\ Wwe 300-kva load center unit substation, rated 480 
wye/277 volts secondary, uses a main circuit breaker 
rated 25,000 and feeder breakers rated 15,000 asymmetrical 


amperes interrupting. 


Panelboards. Convenience necessitated the use of two panel- 


boards to serve one-third of each floor. 


The telephone 


company required each panelboard location on a floor to 


be served by one feeder. 


Therefore, a separate feeder 


serves one panelboard on each of the three floors, or three 


panelboards per feeder. 


This required each of the two 


substations to have three feeder breakers for lighting and 


office machines, and one feeder for special services. 


The various panelboards making up the panelboard 
layout are shown in Figs. 1 and 2. The composite Trum- 


Fig. 2. Electrical 
services in the 
panelboard on the 
left, which has 277- 
volt fused circuit 
(left), transformer 
secondary breaker 
for 120-volt trans- 
formers (top), and 
120-volt circuits 
(right) 


Fig. 3. Ceiling of one section showing the 277-volt circuiting 
to the conduit box for fluorescent fixture and the split con- 
duit box for the 24-volt control 


bull panelboard on the left of the layout contains the switch- 
ing for the electric services. ‘This panelboard contains three 
parts: 1. the right-hand section houses the small 120-volt 
molded-case breakers for protecting the 120-volt circuits; 
2. the bottom section houses the molded-case breaker on 
the secondary side of the three single-phase dry-type M- 
transformers—gencrally three 15-kva units—which feed 
the 120-volt molded-case breakers; and 3. the left-hand 
section houses a Swing-wa™ panelboard which uses silver- 
sand current-limiting fuses. This fuse-switch combination 
has been successfully tested to 50,000 asymmetrical amperes 
short-circuit current. 


277-Volt Branch Circuits. The branch circuits for one-third 
of a floor terminate at special conduit boxes which con- 
tain the 24-volt control relays. This is illustrated in 
Fig. 3, showing the ceiling before completion. 


24-Volt Remote-Control Switching. It is easily seen that this 
system includes a transformer to supply control power at 


Fig. 4. Typical 
master control 
switching center, 


each of which con- 
trolsover one-third 
the lighting 
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24 volts for use on the control switches, remote-control | 
relays, and small 24-volt wall switches for each circuit. As 
well as permitting only 24 volts to be within the reach of | 
the building occupants, this system offers outstanding ad- 
vantages for office buildings, since it is extremely flexible, | 
convenient to install, safe to operate, and makes a sub- 
stantial saving in the over-all system cost possible. 

In Table II it is shown that the total cost of materials 
and labor for the 24-volt remote-control switching was 
$2,940, whereas for the 120-volt switching it was $5,112, 
as seen in Table IV. It is a common misconception that 
120-volt switching is less expensive than~the 24-volt re- 
mote-control switching system. The ratio of the total in- | 
stalled cost for the master switch control system using 120- | 
volt switching and 24-volt remote-control switching was | 
2.6 to 1, a difference of over $13,000. | 


SYSTEM B: 208 WYE/120 VOLTS, 24-VOLT SWITCHING | 


ae 300-kva load center unit substations, when operating — 
at the lower secondary voltage of 208 wye/120 volts, will _ 
have approximately twice the available short-circuit duty — 
as at 480 wye/277 volts. This requires increasing the inter- 
rupting rating of the main circuit breaker to 50,000 and 
the feeders to 25,000 asymmetrical amperes. 


Panelboards. ‘The locations of the panelboards are posi- 
tioned similarly to those used in the 480 wye/277-volt 
system. Only one 208 wye/120-volt panelboard is re- 
quired instead of the split panelboard for the 277- and 120- 
volt services, as is necessary for the 480 wye/277-volt system. © 
This permits thermal molded-case breakers to be used in 
the panelboard for protecting all the branch circuits. The 
number of lighting circuits increases from system A to B in 
the ratio of 2.1 to 1. The ratio of the two system voltages 
of 277 and 120 volts is 2.3 to1. An examination of systems 
A and B, Tables IT and III, will immediately show that the 
panelboards are less expensive for system A than for system 
B. In addition, the 480-120-volt dry-type transformers 
should be included with the 480 wye/277-volt system to 
obtain a true cost comparison. The 480 wye/277-volt 
system is penalized in this part of the system installation 
principally because of the added cost for dry-type trans- 
formers. This is of minor importance when compared 
with the substantial savings made in the substations, second- 
ary feeders, and branch-circuit switching. 


24-Volt Remote-Control Switching. The 24-volt . remote- 
control switching, for the 480 wye/277-volt system is 
identical to that for the 208 wye/120-volt system. The 
only change for 120-volt lighting would be to change the 
actual power services from 277 to 120 volts. A com- 
parison of Tables II and III will show that the column 
switch control and the master switch control should be, 
and are, identical. 


SYSTEM C: 208 WYE/120 VOLTS, 120-VOLT SWITCHING 


L | ‘HE 300-kva load center unit substations are identical to 


those used in system B. 
Panelboards and Branch Circuits. Systems B and C have 


* Registered trade-mark of General Electric Company, 
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identical panelboards. The 
typical method of running 
branch circuits to the 120-volt 
fixtures, is again identical for 
systems B and C. 


720-Volt Switching. An ex- 
amination of Table IV indi- 
cates that 2.4 per cent of the 
system cost, based on 480 
wye/277-volt system cost as 
100 per cent, is in the col- 
umn switch control with 120- 
volt switching whereas it is 
only 1.3 per centin Table II 
or III when the column switch 
control used the 24-volt re- 
mote-control system. The 24- 
volt remote-control system not 
only costs less in this case but 
also provides substantial bene- 
fits in the way of flexibility and 
safety over the common 120- 
volt branch-circuit switching. 


“ECONOMIC COMPARISONS 


\ ioe detailed breakdowns 
: 4. ofthe costs for the three 
‘systems studied are given in 
Tables II, III, and IV. In- 
cluded are material, labor, 
: total installed cost, dolJars per 
_kva, and per cent of each item 
‘using the 480 wye/277-volt 
system cost as a base of 100 
per cent. Items in all three 
tables having the identical in- 
stalled cost, in dollars, will be 
the same per cent of total cost. 

These three tables group 
material and labor into four 
subtotal listings. The first 
deals with the incoming serv- 
ice, the substations, and sec- 
ondary feeders. It can be seen 
that there is an advantage for 
the 480 wye/277-volt system 
over system B and C of $17.1 
per kva. The second group- 
ing, including the panelboards 
and the branch circuits for 


both lighting and receptacles, shows an advantage for system 
A over B of $8.3 per kva, and for system A over C of $13.2 
The third grouping lists identical items, and par- 
ticular attention should be given to the very large, 26.1-per- 
cent, portion of the system required for the underfloor duct 
It should be emphasized that the underfloor 
duct system is much less expensive in the long run than 
other systems where it is necessary to modify branch- 
circuit wiring in the floor or ceiling. The next group deals 
with the lighting fixtures and column switch control. ‘The 


per kva. 


system. 
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Table II. System A: 480 Wye/277 Volts with 24-Volt Switching 


Dollars per ; 
Kilovolt- Per Cent 
Material Labor © Total Subtotat Ampere of Total 
IPErmary feeders ani aieaisyaiieta hase ocaikcls Cy Ete eae SETI che ROI an Sabo Bb sab BO rieieke 1.4 
Two 300-kva substations.............+++-- 28, 512s2A se) 5 1 D4. 50 ce SUS 2 Tetelere stfercuen ocetee iets SQED asters 14.3 
Secondary feeders. ty itech: dara + - aeeraers 23083552 so el OSM A151. ST REL SSO OneMOde 6 SeeAN 0.00 1.4 
480-120-volt transformers: fifteen 15-Kva, 
three VO-Kevaisancis ca eleitecieicisinet « siete) eicle ByATS A020 oa 126707, Gi TA 5 0hn AM cod ety elaborate WT Dieta ell 
$447 178i anes WI90002 0 20.2 
PanelbOanGsSeer cate ti cae et carttnienne inners tele OWN OOs ono | wa rtetbathie. 1O),(603 aes Sis vatecesessetsweret= TEAS conte 4.9 
Lighting branch circuit.............- x6 onc 3 5 2500c1 1.229 LOS063, 735. 15); 3200. aciere hate aese tale ESRI P Ee 7.0 
Receptacle, etc., branch circuits (120 volts)... 3,445.60. ASLO; On TAO 5Gl tact taro weloteln aiataie VS ai3 5 anes 3.6 
$33/,87 91k ot BG. Olen = 1525 
Underfloor ductsystemts sacs), eesyaee = © eae 46,145.94.... 10,921.61.. WAS esae or nobb ys onoS OS: derma 26.1 
Motor wiring and equipment.............- 3,398.05. 1,694.94. . S093 oF caccectcs ane Ceisrioctead Age) 
Telephone and signal system.............+- 727.00. 688.63... TAG tas. ced bro ates PIR ICAL 0.7 
Telephone and signal cabinets...........-- 1801-91. PAV fob ihe 2 O39 sos ae ae trgess tee he SA oats 0.9 
Miscellaneous, hangers, pullboxes, etc....... 2,250.68.. 346.97. DI5IS. 2 Settee hers pek 453 paranenpl 
$68,214..... 1 ea femptn Sine, 
Fluorescent and incandescent fixtures and 
Wea cio, yan ect aon, -poye oats al apaeensons etelincoyr ters 61,031.71 8,273.84.. GD, BO5. crsescar sere aeteee Pail Oso ctecaers S058 
Golumn-switeh control oy tcseu Gece» «2 Sistsve ters 1,228.48 1,711.66. 2 SO406 2 Ps mites se fe sec) 
$72,245..... 120.4..... 33.11 
Dat allisy raycrecsiovaye-c So aoe 2 ape ake ee bis fob olay oat ravetels SUZ ORI G9 Se avs PAD OS Oe OF Mata G2 LO 515 Ovnstsnrntctereeen snecteetats G4 ante sishs 100.0 
Master switch control (24-volt)..........-. 3,570.68. . 5588909! fa. DAG Ont ast rerio names 158, seectae 4.3 
$227 976, Saar sictetroe wiolete. 3805 On <7 104.3 
Table III. System B: 208 Wye/120 Volts with 24-Volt Switching 
Per Cent 
Dollars of Total 
per (on 480- 
Kilovolt- Volt 
Material Labor Total Subtotal Ampere Base) 
Primary feeGerss iss 2 2 so araisies wicks ate olemre oka (Pee etaoeor)  ctetlociseacn 4 aSiiGeqassoassesoolo6 50 tet cis 1.4 
Two 300-kva substations.........-..+2+++- 39,698.15.. 5,213.59. AQT DF Sie aie sin, citer thee fo laecees 19.6 
Secondary, f6CGerss,..ies ols ie sp nielsiel» «elas ones 6,441.67. PAIK SoA Ye Bi 518 tase encase ope i ae Ae 3.9) 
$54,406..... 90.7 24.9 
Papelboards. gsc os tae es tne onus tae e OF 925765). sl 2p 098200. NOES OA Saas Seeataxoiete eae 20)55tzlaet 5.6 
Lighting branch circuits. .......++ee+++0-- 6,390.00.... 12,210.00.. 183600 Fe. cewt ese 31.0... ~-- 8.5 
Receptacles, etc., branch circuits..........- 3,446.60.. 4,510.50... FEL nt SAS GRASS PAE OES Cl 13 2 Sorene Ey 
$38,880..... GANS ictal 17.8 
Underfloor duct system. 2% 0. sc accisennceee 46,145.94.... 10,921.61.. BF, GS cc estat alana eananaies Ley mer 26.1 
Motor wiring and equipment.............+ 359398.05... 1,694.94... SOS Si eee ere ee re Diafistovane 2.3 
Telephone and signal system..........++-+ Ha OOK rete 688.63.. REZ SUSIE Sern cma eGo hoe Bit sie ona Ol 
Telephone and signal cabinets..........+.+ T8091. 3. PACH Ee deen DODD ircneeshustcnerszaistaysneters Ce, Sear Oi.9 
Miscellaneous, hangers, pullboxes, etc....... 2,250.68.. 346.97. OFS 9G eusreacmrevctoh apse A 3 ries 112) 
$68. 52045. 313 Uy De Sy ieee 5 Siez 
Fluorescent and incandescent fixtures and 
We Se cg etat tetas stata! ofolaar Sia ini eyt ele oa/one) 5 sete 59,890.59.. 8,273.84. 68 S64 stasis nae 10S. Gira 31.2 
Column switch control.........s+++eeeeeees 1,228.48. 1, 721266. 2 DaO Se te as aaa CO asa, 13 
$71,104..... TGS ieeereteee 32.5 
FINO ADM sre ccetels crates tie etotet euttoly wveras¥stingev «srs cueae te, = $183,738.44. .... $48,866.30... .$2325604... oo. e een BeVtethais sae 106.4 
Master switch control (24-volt)....-....... 3,570.68.... 5,889.09) OV 4OD sree: storvere tal cree g ROY seca 4.3 
$242 SOGES t cchas sicinte serosa B05 Disisiaes 110.7 


120-volt ballast. 
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difference in the latter has been discussed previously. The 
only difference in the two figures, at 277 and 120 volts, for 
the fluorescent lighting is about $1.60 in favor of the 
It is the authors’ opinion that this differ- 
ence will disappear with the increased use of the 480 
wye/277-volt lighting system, as there is no engineering 
reason why 277-volt ballasts should cost more than 120- 
volt ballasts. 

The most important item to compare is the total cost for 
all material and labor. 


Here system A proves to be $23.5 
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per kva less than system B and $32.0 per kva less than system 
C. It is important to note that system C is $8.5 per kva 
more than system B. The difference between system B 
and C comes from only two sources: the increase in lighting 
branch circuits, and column switch control. Although it is 
certainly not a practical comparison, the difference between 
systems A and C, when including the master switch control 
system, is $57.6 per kva. 


PROBLEMS RESULTING FROM ELECTRICAL CODES 


Ne 210, section 2113, entitled ‘Branch Circuits,” 
of the National Electrical Code‘ deals with ‘“‘Voltage.”’ 
The 1953 revision of this Code states that, ‘‘Branch circuits 
supplying lamp holders, fixtures, or receptacles of the stand- 
ard 15-ampere or less rating’? can be from 150 to 300 volts 
to ground ‘“‘in industrial establishments, office buildings, 
large schools and stores,” providing the ballasts for perma- 
nently installed fixtures be ‘‘mounted not less than 8 feet 
from the floor,” and ‘‘do not have manual switch control as 
an integral part of the fixture(s).”” This requirement of 
the National Electrical Code has been completely adhered 
to in the telephone building. 

Additional safety has been provided in this building, 
beyond the requirements of most codes, in that all the 
branch-circuit switching throughout the building, whether 
the line-to-neutral voltage is 277 or 120 volts is handled by 
24-volt switches. 

The New York Telephone Company has had extensive 
experience in constructing and operating buildings through- 
out New York State. Many of these new buildings have 
used recessed fixtures for fluorescent lighting. Section 
94105 of the Code* deals with “Flush and Recessed Fix- 
tures” and requires, under item f “Conductor Insulation,” 
that the ‘Recessed fixtures shall be wired with AF or AI fix- 
ture wire.” The local inspector had always waived this 


Table IV. System C: 208 Wye/120 Volts with 120-Volt Switching 


requirement for recessed fluorescent fixtures provided ad 
quate means for cooling the fixture are incorporated in t 
ceiling construction. An identical construction was em 
ployed in this building as in many others, but because this 
was the first building to apply the 480 wye/277-volt lighting 
system in an office-type building in the Albany area it 
was believed that conservatism demanded that this require- 
ment be fulfilled exactly. It is appropriate to add that the 
design of the fluorescent fixtures prohibits easy access to the 
fixture by its dead-front construction. The vast experience 
in industrial plants® with 277-volt lighting indicates that 
the added expense of using asbestos wire, at either 277 or: 
120 volts, is not required from a safety or engineering stand- 

; 


point. 


REMOTE-CONTROL SYSTEM 


HE building maintenance foreman at this building, after? 

less than two weeks’ observation, made the statement, , 
“This is the only building I ever heard of where the lighting} 
control system was designed with the maintenance people: 
in mind.” A source of constant irritation for maintenance: 
people is the recurring observation by top management that? 
buildings use too much light at night. The management: 
point is always well taken, but the means for effective and. 
economical control of the problem is seldom placed in the: 
maintenance department’s hands. In this installation, 
master switch control has been furnished at three locations; 
per floor. Each half-floor has complete remote control. 
from the north and south staircases and each full floor is. 
controlled at the center staircase, see Fig. 4. Therefore, 
it is easy to turn ‘all the lights off and on from these lo- 
cations without walking over the entire floor. 


Cost of Relay Conduit Boxes. Included in Tables II and III, 
under “‘lighting branch circuit,” is the cost for individual 
conduit boxes housing the remote-control relays. These 
relays are located in the ceil- 
ings along the branch-circuit 
runs and near the column 


ew use switches. ‘The deletion of the 
Dollars pe Total 252 individual relay boxes and 
per on = . 
‘ Kilovolt. Volt the relocation of the 252 
ial L : 
ateria abor Total Subtotal Ampere Base) relays in 18 relay boxes, one 
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panelboard locations would simplify and reduce the cost of 
the installed master switch wiring, but would add some 


$1,100 to the apparatus cost and would impair the selec- 
tivity of the system. 


CONCLUSIONS 


HIS article gives a comprehensive evaluation and 
complete cost comparison between 208 wye/120- and 
480 wye/277-volt power systems for an office building. It 
shows that even for this small building, with 54.6 per cent 
‘of its load at 120 volts, it is $23.5 per kva less at 480 wye/277 
volts than at 208 wye/120 volts with comparable switching. 
It also shows a saving of $32.0 per kva between the 480 
wye/277-volt system with 24-volt switching and 208 
wye/120-volt system with 120-volt switching. The cost 
data were substantiated by hiring a consulting engineer to 
make complete drawings for the cases studied, and an elec- 
trical contractor to obtain bids on all equipment. 

Now that 277-volt wall switches are available, it is possi- 
ble to add a fourth comparison which would be a 480 wye/ 
277-volt system with 277-volt switching. One thing is 
clearly evident about its application from the tables in this 
article. ‘Table II would be very similar and would only 
have variations in the lighting branch circuits and column 
switch control, as Table IV differs from Table III. The 
important point is that although the 24-volt switching 
would be more economical than 277-volt switching, the 
over-all economy of the 480 wye/277-volt system would 
not be affected adversely by the use of 277-volt switches. 

Emphasis is again placed on the flexibility that must be 
incorporated in the modern commercial building. A de- 
tailed economic evaluation was not made in comparing 
the 24- and 120-volt master switch controls. One point in 
favor of 24-volt switching is, that in providing movable par- 


titions used to form office areas, the changes in 24-volt 
switching control can be made easily and in a compara- 
tively inexpensive manner by simply running the con- 
trol wire in the underfloor duct, within conduit or wire 
mold or even exposed. This is much easier to do than 
for the larger power-carrying services, and reduces the 
cost of making future changes. 

It is important to mention that the relative difference in 
dollars per kva between the 480 wye/277- and 208 wye/120- 
volt systems would be larger had this same size building been 
air-conditioned. Experience indicates that a building, in 
this locality, would approximately double its load if it were 
entirely air-conditioned. This air-conditioning equipment 
would use an integral-horsepower motor rated 440 volts. 
The increase in load at 480 volts would produce a greater 
difference in dollars per kva between the 480 wye/277- and 
208 wye/120-volt systems. Even if small unit air conditioners 
were used, the increase in motor load could more easily 
and economically be supplied from a 480-volt system. In 
fact, it can be said that as the load grows in the modern 
commercial building using fluorescent lighting, more 
economical operation and lower first cost can be expected if 
the 480 wye/277-volt system is selected. 
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Electrical Essay— Induced Electromotive Force 


Maxwell’s equations for the electromagnetic field are 
commonplace to every student of electricity. Neverthe- 
less, the discussions between Alter Ego Slepian and his 
friends Jack and Bill (February 1951, p. 159) revealed fun- 
damental cases where the physical meaning of conclusions 

to which these equations lead 

is anything but commonplace. 
I feel that the following ex- 

D ample deserves to be added. 
Some time ago I put this 
B question as a kind of riddle to 
Fred, a well-instructed engi- 
neer. Assume an annular iron 
core with two windings all 
along the core; the one (pri- 
mary) being open, the other (secondary) being closed. ‘There 
is perfect symmetry except for the terminals of the open wind- 
ing through which alternating current with the amplitude 
of i is transmitted. A voltmeter with practically infinite re- 
sistance is connected at.A and C on the secondary winding. 
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The resistance from A over B to C'isr. And the question is, 
what voltage will the voltmeter measure? 

Fred smiled and answered that, since the voltage 77 is 
needed to overcome the resistance 7, he expects the volt- 
meter to indicate a voltage amplitude of 77. ‘“‘Why not the 
bigger value Ri,” I said, ‘where R is the resistance in CDA?” 

Actually, in the case of perfect symmetry, no electric ten- 
sion is indicated by the voltmeter. And the reason for this 
is, because of symmetry, the density of the current carrying 
electrons is constant all along the secondary winding, i.e., 
no space charges are generated. The voltmeter would re- 
act only if the density of the electrons would differ in A and 
C, as in the case when the secondary winding is cut open at B. 

“The moral,” concluded Fred, “‘is that the term ‘electric 
tension’ should be reserved for voltages which are produced 
by electric charges.” ‘The current in the secondary wind- 
ing is driven by an electromagnetic force without any help 
of electric attraction or repulsion. 


DR. RAGNAR HOLM 
(Stackpole Carbon Company, St. Marys, Pa.) 
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CAREFUL and precise study of a controlled arc in a 

current range of 25 to 100 amperes is described in this 
article. The study was made to obtain a quantitative 
picture of the effects on the arc produced by the electrode 
materials and the gas in which the arc burns. Argon was 
chosen as an atmosphere rather than air to simplify con- 
ditions by eliminating chemical reactions between the gas 
and the electrodes, and by presenting the effects of one gas 
rather than a mixture of gases. The electrode materials 
were tungsten, tantalum, molybdenun, titanium, iron, and 
copper, chosen to give a wide variety of properties. 

The study was carried out in an arc chamber which could 
readily be evacuated to 1-micron pressure before filling so 
that a high degree of gas purity could be maintained. 
The prime experimental problem was to secure reproduc- 
ible results. This was accomplished by setting up a specific 
procedure for preparing the electrodes and by employing a 
set of coils which produced a coaxial magnetic field of 500 
gauss in the neighborhood of the arc. 

Spectroscopic observations were made on the arc for the 
case where one electrode was tungsten and the other one 
was molybdenum, with a current of 50 amperes, and a 1/2- 
inch separation. Scrutiny of the plates showed that the 
gas and anode material lines were present throughout the 
entire discharge with a large increase of intensity for the 
gas lines directly in front of the cathode. In contrast, the 
cathode material lines showed up strongly in the cathode 
region but did not extend to the anode. 

Voltage-current and voltage-arc length characteristics 
were taken for various combinations of electrode materials. 
All the V-ZJ and V-/ curves were similar in form to the ones 
shown for a tungsten cathode and iron anode in Fig. 1. 
The literature was searched for an equation to satisfy the 


2s 
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Fig. 1. 
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V-I and V-I curves of an arc between a tungsten cathode and an iron anode. 
electrode diameter is 1/4 inch and the arc lengths are as marked beside each V-I curve 


Dzimianski, Jones—High-Current Argon Arc 


T. B; JONES 


MEMBER AIEE 


7 
curves; however, no satisfactory published equation was 
found. Careful examination of the data showed 


exa+bl+-+dl 


depicted the experimental results over the entire range of 
25 to 100 amperes. Furthermore, some measurements! 
taken at 200 and 450 amperes indicated that the equatiom 
also held at these points. In the equation, / is the ara 
length, ¢ the arc voltage, J the current, and a, b, c, and @ 
are constants. A table was set up of these constants fon 
the various electrode combinations used: 


Tungsten Cathode in Argon 


a b c d 

Anode Volts Volts/Inch Watts Ohms 
“Tantalus. bein vrnverys oaeieaers « 
Molybdenum 
Tron ye sii a 
Tungsten)y.6 oe ee 
“Pitawiamay aera. 2 eter emer ae 
G@opperiys: caterer carte 

Tungsten Anode in Argon 
Cathode a b Cc d 

Tungsten tc. re aenycte este GO er eee steeney a 10:.3%-54, See 235 cee nee 0.047 
Molybdenum................ UE WES R O V1 92, eee ee 107 eee 0.036 
Tantalus jcrew oe cata a ie see Dn Oarestn vices ree p BPs tages fr ey 186... <5 eee 0.031 


F From this tabulation it was observed that the relative 
effects on the arc voltage of the different electrode ma- 
terials is not as pronounced as the effect of different gases: 

Measurements of anode melting for several materials 
showed that once melting starts the melting rate rises 
sharply from zero and then levels off quickly so that the 
material melted per coulomb is a constant over a wide 
current range. Calculation 
of heat input to the anode per 
coulomb from the melting 
rate and the heat of con- 
densation per coulomb of elec- 
trons showed that thetwo were 
approximately equal. This 
condition suggested that the 
anode drop for the type of arc 
studied is zero or very small. 
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; URING the past few 
iD) years, the transistor 
has emerged from the 
laboratory and taken its place 
on the ever-increasing list of 
components available to the 
electronic engineer. The tran- 
sistor is now accepted as 
n important and reliable tool and has been successfully 
applied to a number of commercial products. 
Broadcast receivers and, in particular, portable re- 
ceivers can benefit very materially from “‘transistorization.” 
Transistors offer the possibilities of decreased size and 
“weight, considerably more efficient battery operation, 
_ greater mechanical stability and indefinite life, to name 
ba few. 
_. Many engineers unfamiliar with transistors feel that 
“transistorization” of a broadcast receiver means little 
more than the replacement of tubes by transistors. This 
‘is very far from the truth. Although the block diagram 


: a receiver will be the same whether tubes or transistors 


mental transistors. 


a 


ie 
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_are used, the design considerations related to the individual 
'*‘blocks’’ and some ‘‘system aspects” will be quite different. 
Transistors have “natural” advantages and _ limitations 
-which must be taken into account in order to achieve 
“desirable over-all performance, simplicity of functions, and 
“economical design. 
_ Although one can state safely that transistors are here 
to stay, they will not stay in their present form. While 
‘certain transistor types have been developed and have 
proved adequate for numerous applications, new types 
_and improved techniques for producing existing types are 
being introduced constantly. New semiconductor devices 
are being developed: transistor tetrodes, pentodes, double- 
base diodes, etc., and even restricting considerations to, 
“Say, junction triodes, it is only reasonable to assume that 
within a short time different types of this device will be 
developed for different applications. After all, who would 
build a receiver using only one kind of tube? 
Consequently, in such a period of transition and rapid 
development, the description of a particular transistor 
receiver would not be of great significance. Rather, this 
article will concentrate on illustrating the principles of 
receiver component circuits and general aspects of the 


Revised text of a paper presented at the 1954 National Convention, Institute of Radio 
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Portable transistor broadcast receivers of good 

quality can now be. built with present experi- 

It is anticipated that such 

receivers will appear on the market as soon 

as transistors and other miniaturized components 
are available at reasonable prices. 
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transistorized system. Com- 
plete circuit diagrams of 
some receivers actually built 
by the authors will also be 
shown. Because of the rapid 
strides being made in the 
art, however, a receiver is vir- 
tually out of date before it is 
completed. The complete receivers should, therefore, 
not be considered as being necessarily the best that could 
be designed today. They are included merely to give an 
over-all picture of how the various sections discussed 
separately might be combined to form a working receiver. 

This article is based on the work of the authors and others 
in the Electronics Laboratory of the General Electric 
Company. The transistors used were General Electric 
point-contact and experimental p-n-p and n-p-n junction 
transistors, and the conclusions apply rigorously only to 
these devices, although most of them can be generalized 
to include many presently available transistors of other 
manufacturers. 


RECEIVER COMPONENT CIRCUITS 


il pe functions of the individual component circuits of a 
superheterodyne AM broadcast receiver are similar 
whether tubes or transistors are used. This section re- 
views briefly some of the problems related to the transistori- 
zation of these functions and shows corresponding tran- 
sistor circuits. 


Intermediate-Frequency Amplifier. The basic consideration 
governing the design of a transistor amplifier, whatever 
the frequency range in which it is to work, is that each stage 
amplifies signal power. ‘Transistors are low-impedance 
devices and, therefore, draw power from the signal source. 
This power is amplified by the transistor and fed to a load, 
which may be a subsequent transistor. 

In order to make full use of the available gain of the 
device, the generator impedance must be matched to the 
input impedance and the load impedance to the output 
impedance of the transistor. Since input and output 
impedances of the transistor are not equal, where two or 
more stages are cascaded, interstage impedance matching 
networks are desirable. In a high-frequency (i-f or r-f) 
amplifier, impedance matching between stages is essential 
because the maximum available gain of transistors is 
usually lower in this frequency range than at audio fre- 
quencies. 

Transistor impedance levels depend on the d-c operating 
point, the signal frequency, the transistor type, and the 
particular configuration used. Typical values (for J,= 
1 ma, V,=6 volts) in grounded emitter configuration at 


1107 


455 ke are: 500 ohms for the input and 10,000 ohms 
for the output impedance. These values require an inter- 
stage impedance transformation of approximately 20 to 
1. Both impedances have considerable reactive com- 
ponents. The reactive components are tuned out by 
interstage coupling networks. 

The matched gain of the grounded emitter configuration 
exceeds that of the grounded base circuit at low and inter- 
mediate frequencies. Whether a given frequency is 
“low” or “high” depends on the transistor type used. 
With modern junction transistors having good frequency 
characteristics, it will be found that the difference is 
appreciable up to several megacycles. Consequently, 
the grounded-emitter configuration is usually preferred. 

The two most important factors in the operation of the 
i-f amplifier are gain and selectivity. In order to make full 
use of the gain of an i-f stage, it is necessary to transfer 
almost the entire available output power of this stage to the 
next one. This means that only a small fraction of the 
power should be consumed by the coupling network 
between stages. In other words, the output impedance 
of the first and the input impedance of the next stage 
should dampen strongly the coupling network. Therefore, 
generally, the requirements concerning maximum gain 
and adequate selectivity are conflicting. In order to 
achieve both results, the “unloaded” Q’s of the coupling 
circuits must be very high: values in excess of 150 are 
desirable. As these Q’s should be realized with minia- 
turized coils, the use of high-quality ferrites is indicated. 
Loading of the tuned circuits by transistor impedances 
results in moderate “‘operating’’ Q’s and reasonable band- 
width. 

Various coupling circuits can be used and some are 
shown in Fig. 1. The gain of transistors being lower than 
that of tubes, more transistors than tubes are required for 


Fig. 1. Various 
interstage cou- 
pling networks 


(d) i= 


Fig. 2. Oscillators: 
Negative 
point-contact  oscilla- 
tors (above); Junction- 
transistor oscillators 


(below) 


resistance 
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comparable performance. Consequently, single rune 
circuits may be used as interstage coupling networks with- 
out deterioration in selectivity. 

The transistors are usually connected across only a 
portion of the tuned circuit; this technique results in 
better Q’s with reasonably priced wire, reduces the de- 
pendence of the tuning on varying transistor parameters 
(due to shifts in operating point), and provides impedance 
matching. 

With present transistors, the gain of a transistor i-f 
stage at 455 kc is between 20 and 30 db. 

Transistors are not unilateral devices. Internal feed- 
back, analogous to the grid-plate admittance of vacuum 
tubes, may lead to instability in high-frequency amplifiers if 
both input and output are tuned. Oscillations can be 
prevented by neutralizing arrangements. 


The design considerations 
im- 


Radio-Frequency Amplifier. 
relating to i-f amplifiers also apply to r-f amplifiers: 
pedance matching antenna input and interstage coupling 
circuits with good power transfer properties are desired. 

Transistor characteristics are not uniform throughout the 
entire r-f range. In a grounded-emitter configuration, 
both input and output impedances decrease with increasing 
frequency. Consequently, the design of the r-f stage is 
somewhat more complicated than that of the i-f amplifier. 

Capacitive- or inductive-type tuning can be used. The 
latter is superior in that the r-f bandwidth remains more 
nearly constant throughout the r-f frequency range, whereas 
with capacitive tuning this bandwidth varies approxi- 
mately as the square of the frequency in case of parallel 
tuning. ‘The inductive tuner also lends itself more readily, 
to miniaturization. Typical transistor impedance levels 
and the usually desired r-f selectivity lead to inductances 
varying between, say, 3 and 30 wh. Special ferrite slugs 
can be used. 

With ferrite loop antennas, capacitive tuners must be 
used. This requires considerable additional space, es-— 
pecially if the receiver is equipped with a tuned r-f stage. 

Using modern transistors, a reasonably uniform gain off 
20 db can be obtained throughout the r-f range. 


Local Oscillator. The local oscillator must satisfy the 
following requirements: 


1. It must oscillate in a reasonably uniform manner 
in the frequency range from 1 to 2 mc. (An intermediate 
frequency of 455 kc is assumed.) | 

2. Adequate power output is required for efficien 
converter operation. The oscillator feeds a anata 
converter, the input impedance to which might be quite 
low. 

3. The frequency of oscillation must be essentially, 
independent of temperature and supply voltage variations. 
(The power supply is usually a battery, the voltage of which 
may decrease in some cases by as much as 40 per cent of 
its original value during its useful life.) 


The requirements can be met using either point- contact 
or junction transistors. See Fig. 2. 

The advantage of using point-contact transistors reside 
in their inherent negative resistance characteristic. 
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_ and no feedback loop. 


_ ler supply voltage can be used 
(approximately 1 volt instead 
of 10 or more for point- 


tive resistance oscillator cir- 
cuits are extremely simple 
with only a few components 


Junction transistors are su- 
perior, however, in that smal- 


contact transistors) to obtain 
frequency-stable —_ operation 
and adequate output power. 
Feedback from collector to 
base will often result in more 
satisfactory operation than 
feedback to emitter. Fre- 
quency stability is achieved 
by properly biasing the tran- 
-sistor and connecting it across 
only a portion of the resonant 
circuit so that the oscillation 
frequency is essentially inde- 
pendent of variations of tran- 
sistor impedances. 

_ The application of point-contact transistors was con- 
‘sidered only in the oscillator. Amplifying stages should 
use junction transistors, the gain and stability of which 


_ will generally be superior. 


Converter. Various circuit arrangements will give reason- 
ably uniform conversion gain in the considered frequency 
range. The conversion gain is a function of the operating 
point and of the amplitude of the injected oscillator voltage. 
Good conversion gain is obtained, of course, when operating 
in the most nonlinear portion of the transistor input 
characteristic: low d-c emitter-current values of the order 
of a fraction of a 1 ma are required. The gain has a maxi- 
mum in the neighborhood of 100 microamperes. The 
gain versus injected oscillator voltage characteristic also 
shows a maximum which, in the case of emitter injection 
of the oscillator voltage lies near 1 volt. Reasonably 
uniform conversion gains of 15 db can be easily achieved. 

The r-f signal and the oscillator voltage can be fed to the 
emitter or the base. It is often easier to achieve stable 
operation in the grounded-base configuration (both r-f 
and oscillator injection into the emitter). Two typical 
converter circuits are shown in Fig. 3. The coupling net- 
works preceding and following the converter are designed 
in accordance with principles generally applicable to 
tuned transistor amplifiers. Input and output impedances 
of the converter, however, will generally be considerably 
higher than those of r-f and i-f amplifiers due to low d-c 
operation. 

Combined oscillator-converter circuits using only one 


- transistor for the performance of both functions have been 


designed. Two typical arrangements with capacitive, 
and inductive tuning respectively, are shown in Fig. 4. 

In both circuits, the i-f voltage is developed across the 
transformer in the collector circuit. In one case, from the 
r-f point of view, the transistor is connected in the grounded- 
base configuration, in the other, the grounded-emitter 
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Fig. 3 (left). Converters: r-f and l-o inputs fed to same electrode (above); r-f and I-o inputs fed 
to different electrodes (below). Fig. 4 (right). Single junction-transistor oscillator-converters 


arrangement is used. In the former case, the oscillator 
feedback is from collector to emitter; in the latter, from 
collector to base. 

It has been mentioned previously that for maximum 
conversion gain there exist optimum values of d-c emitter 
current and of applied oscillator voltage. Consequently, 
the operating point of a transistor operating simultaneously 
as oscillator and converter must be chosen carefully. If 
the operating point is shifted from its optimum value either 
by increasing or by decreasing the d-c emitter current, the 
gain will be reduced. This feature is valuable and can 
be used as the basis for different methods of automatic 
gain control. 


Second Detector. Detection can be performed with 
either diodes or transistors. If diodes are used, it is 
necessary to obtain the output of the i-f amplifier at a 
relatively high-voltage level for linear detection. The 
detected signal is fed into a low impedance (the following 
audio stage) and audio-frequency matching is necessary 
in order to obtain reasonable efficiency. Fig. 5 shows such 
an arrangement. 

Transistor detection is usually superior to diode detection 
for several reasons: 


1. At small signal levels, both diodes and transistors will 
lead to square-law detection. However, using transistors 
essentially linear detection can be obtained at somewhat 
smaller power levels than with diodes. 

2. The transistor detector has considerable power gain 
and acts as the first audio stage. This is particularly 
pronounced in the case of the grounded-emitter configura- 
tion. (Typical gain: 20 db referred to modulation power.) 

3. Automatic gain control of transistor amplifiers re- 
quires control power. The d-c power obtainable from 
diode detectors is usually insufficient and, therefore, a 
d-c amplifier (or an additional i-f amplifier) would have to 
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Fig. 5. Detection: 


grounded-emitter transistor detection (lower left). Fig. 6 (right). 
trol: By emitter current control (above right); by collector voltage control (below right) 


be included in the feedback path for satisfactory operation. 
The d-c power gain of transistor detectors eliminates this 
complication, the detector acting as a d-c amplifier and 
delivering sufficient control power for automatic gain con- 
trol. The grounded-emitter configuration will usually 
give superior results. 


Typical input impedances of transistor detectors are: 
20,000 ohms for grounded-emitter, 3,000 ohms _ for 
grounded-base configurations. Examples of detector cir- 
cuits using transistors are drawn in Fig. 5. 


Automatic Gain Control. ‘The gain of transistor amplifiers 
decreases with either decreasing emitter current or decreas- 
ing collector voltage. Consequently, at least two types of 
automatic-gain-control circuits can be designed. 

Both principles require control power. This d-c power 
is preferably obtained from a transistor detector and can 
be boosted by operating the controlled a-c stage simul- 
taneously as a d-c amplifier. 

If emitter-current control is used, the control voltage is 
applied to the base of the controlled stage. Resulting 
changes of d-c base current are amplified and appear as 
large changes of emitter current and gain. 

If collector voltage control is used, the control voltage is 
also applied to the base. Variations of base current appear 
as amplified variations of collector current. The resulting 
change in voltage across a resistor inserted into the collector 
circuit leads to changes of collector voltage and gain. Fig. 
6 illustrates both automatic-gain-control principles. 


Audio Amplifier. Transistor audio amplifiers are well 
known and only a few remarks concerning these circuits 
should be made here. The grounded-emitter configuration 
without interstage matching due to transformer cost, will 
be preferred in preamplifier and driver stages. 

The output stage may be single-ended or Class B push- 
pull. The push-pull stage may consist of two identical 
p-n-p or n-p-n transistors and associated transformers or a 
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Diode detection (upper left); grounded-base transistor (center left); 
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p-n-p-n-p-n_ combination cal 
be used, in which case no in- 
put transformer is needed. If 
the supply voltage is low, such 
a combination in grounded- 
collector configuration will 
directly drive a speaker with 
somewhat high but readily 
attainable value of voice coil 
impedance, 25 to 100 ohms. 

The output power of com- 
mercially available transistors 
is limited. The basic limita- 
tion is due to maximum ad- 
missible collector dissipation, 
but with present transistors 
operating at low supply volt- 
ages, the undistorted output 
power is limited mainly by 
the reduction of a at higher 
currents. | 

The efficiency of the Class 
A output stage will be close to 50 per cent at maximum 
rated output, of the order of 100 milliwatts. However; 
the average efficiency will be considerably lower. . 

The Class B push-pull stage leads to higher efficiencies; 
theoretically, up to 78 per cent with small stand-by power, 
but this efficiency will be hard to realize if the supply voltage 
is small and the currents accordingly high. The power 
dissipated in the emitter circuit may be quite large. Out: 
put powers of several watts have been obtained with experi 
mental power transistors. Ordinary units in push-pull will 
yield up to 500 milliwatts. 


DETECTOR 


Automatic gain con- 


TRANSISTOR RECEIVERS 


Ass complete diagram of an early transistor receiver 1s 
shown in Fig. 7. It contained eight early Genera 
Electric -n-p junction and one General Electric point? 
contact transistors. ‘The ferrite loop antenna feeds the 
converter (gain 4 db) which is followed by a 3-stage i-- 
amplifier. The gain per i-f stage was approximately 12 db 
A transistor detector was used in grounded-base configura 
tion feeding a 3-stage audio amplifier. The maximum outt 
put of the single-ended stage was 25 milliwatts. The 
sensitivity was approximately 800 microvolts per mete: 
(relating to 5-milliwatt output). Selectivity and image 
rejection were inadequate, and no automatic gain contra: 
was applied. The power supply consisted of a 30-voll 
collector and two 1.5-volt emitter batteries. The battery 
lifetime was 25 hours. 

This rudimentary set can be contrasted with a more up 
to-date receiver, see Fig. 8. This set also uses a corti 
loop antenna, feeding an r-f amplifier stage with an averag 
gain of 16 db. The local oscillator is a junction transisto 
and feeds the converter the gain of which is approximatel 
15 db. The 2-stagei-f amplifier has a gain of 45 db. Th 
grounded-emitter transistor detector delivers automati 
gain-control power to the first i-f stage. Collector voltae: 
automatic gain-control is used in this unit. The audii 
amplifier consists of a driver and a Class B push-pu 
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p-n-p-n-p-n combination output stage operating directly 
nto a 50-ohm speaker. The supply consists of eight 1.5-volt 
“penlight” batteries: 2 X 6 volts because of the comple- 
entary output arrangement. (A power supply consisting 
of only four 1.5-volt penlight cells was used in another 
version of the same receiver using two p-n-p transistors and 
ansformers in the output stage.) The battery lifetime 
is approximately 100 hours. Selectivity, noise performance, 
and image rejection of the set are superior to most portable 
sets obtainable on the market. The maximum output 
power was 200 milliwatts and the 50-milliwatt sensitivity 
approximately 100 microvolts per meter (the 5-milli- 
Watt sensitivity was approximately 35 microvolts per meter). 
Temperature stability has been provided for by proper 
ins arrangements and circuit design. The set operated satis- 
factorily (with reduced sensitivity and peak power output) 
when the supply voltage was reduced to 3 volts. 
Another version of this receiver used a single transistor 
oscillator-converter and performed equally well. 


E GENERAL CHARACTERISTICS 
a FEW remarks must be made concerning the over-all per- 
4 formanceand basic design 


“factors of transistor receivers. 
_ Sensitivity. Adequate sensi- 
_ tivity depends on the realiza- 
tion of two factors: low noise 
’ and sufficient over-all gain. 

_ The noise figure of transis- 
tors is fairly good (6 db or 
less) at radio frequencies: con- 


“sequently, sensitivities of the 
order of a few microvolts per 
“meter can be easily realized. 
“Noise is also generated in 
the converter, but can be 
-taken care of by an r-f stage 
with high gain. 
The gain of high-frequency 
amplifiers (i-f and r-f ampli- 
‘fiers, converters) using tubes 
is 30 to 45 db. Present tran- 
sistor amplifiers yield only 15 
to 30 db. Consequently, for 


CONVERTER KSiCLE 


Fig. 7. 


equal performance, more 
transistors than tubes are 
needed. 


It has been pointed out 
that transistor detection can 
be performed with less i-f 
power than diode detection. 
This leads to an important 
conclusion from the system 
point of view: a compara- 
tively larger part of the over- 
all gain can be placed in the 
audio amplifier than in tube 
receivers. Reduction of i-f 
gain and increasing of audio 
gain also reduces the num- 
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Early model transistor receiver. 


R.F CONVERTER 


Fig. 8. More recent model transistor receiver. 
mental -p-n except one output transistor which is General Electric experimental p-n-p 
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ber of transistors required because the gain of a single stage 
at audio frequencies is higher than at i-f or r-f frequencies. 

Selectivity. In order to achieve good selectivity, the “un- 
loaded” Q of the tuned circuits must be very high. Load- 
ing down these tuned circuits with output and input im- 
pedances of transistors results in desirable bandwidths 
corresponding to moderate “operating” Q’s. This con- 
sideration applied to i-f and r-f circuits alike and, of course, 
to the loop antenna. 

The over-all selectivity curve might not be quite sym- 
metrical due to the reflected impedances of transistor 
amplifiers. The resulting small vestigial side-band effect 
is not too important. 

Distortion and Frequency Response. Transistors are basically 
more linear devices than vacuum tubes. The distortion in 
Class A amplifiers, if correctly operated, will be very small. 
It is, however, quite difficult to obtain low-distortion per- 
formance with Class B push-pull amplifiers without con- 
siderable loss of gain. 

Distortion may also be caused by automatic-gain-control 
circuitry if not carefully designed. 

The audio-frequency response of transistor receivers is 


1 ST. 2 ND. 
AUDIO 


2 ND. L.F 3 RD. LE DETECTOR AUDIO OUTPUT 


Note: All transistors are General Electric experi- 
mental p-n-p except local oscillator 


STOLE: 2 ND.1.F DETECTOR OUTPUT 


560 8.2K 
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Note: All transistors General Electric experi- 
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no great problem. For good low-frequency response, large- 
capacity low-voltage condensers are used for coupling and 
by-passing. 

Power Supply. The choice of the proper power supply is 
one of the major design problems of transistor receivers. 
The tendency is to avoid special batteries and to use a 
number of ordinary flashlight batteries obtainable in any 
drug store. This will lead to reduction of operating 
costs. 

Most functions in the receiver require comparatively low 
supply voltage. Three volts is adequate for all stages 
except possibly the driver and output amplifiers. If con- 
siderable power output is required, low voltages mean large 
currents and with present transistors this might lead to 
distortion (due to the aforementioned decrease of a with 
increasing currents). Furthermore, the d-c emitter voltage 
of the output stage may be an appreciable fraction of the 
total available voltage. (This implies strongly reduced 
efficiency and large stand-by power even in case of Class B 
push-pull output stages.) On the other hand, low- 
voltage large-current operation means that direct drive 
of a low impedance speaker is possible, and this feature is 
very desirable. 

At the present time, it seems that 6 volts (= four 1.5-volt 
batteries) are needed due to output stage requirements. 
If an input transformer is to be avoided (p-n-p—n-p-n com- 
bination), 12 volts (eight cells) seem to be reasonable. 

The current drain of all but the driver and output stages 


are small. Typical values are: 
R-f Amplifier: 1 milliampere 
Oscillator: 0.5 milliampere 
Con.erter: 0.2 milliampere 
I-f Amplifier: 1 milliampere 
Detector: 0.1 milliampere 


The driver and output stage drains are limited by the 


& 


maximum efficiencies of Class A and Class B push-pu 
stages. The lower the supply voltage, the larger will h 
the relative stand-by power of the output stage. - 

With careful design, operating costs of 0.1 to 0.5 cent pe 
hour can be obtained. This compares favorably with | 
to 10 cents per hour in tube receivers. 


Components. Throughout the preceding sections, th 
use of experimental General Electric transistors we 
assumed. The uniformity of transistors has considerabl 
improved during the past years and with exception of th 
push-pull output stage, it was possible in_a given set to re 
place transistors by other transistors of the same type with 
out further circuit adjustment. 

It was mentioned above that the gain of transistor high 
frequency stages is inferior to that of tubes. This situatio 
will, however, certainly improve in the not too distar 
future. | 

One of the advantages of transistor receivers is miniatl 
ization. Unfortunately, the desirable miniaturized com 
ponents are not readily available for all desired purpose: 
Extremely small electrolytic capacitors and some audi 
transformers can be bought, although their present pric 
is prohibitive. The future calls for commercial develop 
ment of miniaturized high-frequency coils, transformers, an! 
capacitors. Direct operation into speakers is possible, bu 
need will arise for the development of efficient moderatel! 
priced speakers with voice coil impedances of 100 ohm 
or more. , 


{ 


CONCLUSION 


ORTABLE TRANSISTOR RECEIVERS of good quality can b 

built with present experimental transistors. It is ex 
pected that such receivers will appear on the market 2 
soon as transistors and other miniaturized components an 
produced at a reasonable price. 


Joint Army-RCA Demonstration of Tactical Television 
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Army officers, industrial leaders, and members of th 
nation’s press witnessed for the first time recently th 
Army’s ‘‘command post of the future,’ equipped with tele 
vision “‘eyes” that enable the combat commander to see an) 
influence the course of battle. 

High-ranking United States Army participants wen 
headed by the Army’s Chief of Staff, General Matthew EH 
Ridgway. Major General George W. Smythe, Deput 
Commander of the Second Army, in whose area the demon 
stration was held; Major General George I. Back, Chic 
Signal Officer; and Brigadier General David Sarnofi 
Chairman of the Board of the Radio Corporation « 
America, also had principal parts in the demonstration. 

In the command post set up for the event, images fron 
tactical television cameras on the ground and in the air gav, 
the commander and the audience an instantaneous view ¢ 
widely separated actions along the simulated front, show 
ing the movement of troops. 
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TARTING performance of aircraft tachometer indica- 
tors has received considerable attention with the ad- 
vent of the gas-turbine engine. Military specifications 
are requesting lower starting indication of the tachometer 
indicator to better aid the aircraft pilot to start his engines 
roperly and safely. 
_ Fig. 1 shows schematically the elements of a widely used 
aircraft tachometer system. In this system a 3-phase gen- 
erator is mechanically coupled to the aircraft engine shaft. 
‘Three-phase power from the generator is carried electrically 
to the instrument panel where the indicator’s synchronous 
3-phase motor is excited. A dragmagnet attached to the 
‘rotor shaft produces a torque proportional to speed of rota- 
_tion on a lightweight eddy-current disk. The disk—gear- 
een pointer system is restrained by a spiral spring which 
“exerts a torque counter to the disk torque such that the 
‘pointer position indicates disk torque, and thus rpm. 
__ Fig. 2 shows schematically the rotor construction used in 
the tachometer indicator motor. The rotor has two torque- 
"producing elements: a permanent magnet J,,, and a hys- 
_teresis element J,. J,, provides starting and lock-in torque, 
whereas J, provides higher frequency torque for accelerat- 
ing the rotor close enough to synchronism for the per- 
“manent-magnet rotor to “pull-in.” J, is the dragmagnet 
‘and shaft. Since J, is to be driven synchronously by Jim, 
“and J,, the three elements must be mechanically attached 
to each other or the common shaft. First, suppose that all 
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Fig. 1. Schematic of aircraft tachometer system 


are attached solidly to the shaft. Such a rotor would not 
Start well as all three inertia elements must be accelerated 
at the same time. Second, a better construction, attaches 
J, and J, solidly to the shaft and permits J,, less than 360° 
freedom on the shaft. “This construction has been used in 
tachometer indicators for a long time. Third, a still better 
construction is found in a current design, which has both 
J,, and J;, free on the shaft such that the rotor starts as fol- 
lows: J,,, which derives its torque from the reaction of its 


own field with the stator ampere-turns, accelerates to syn- 
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Aircraft Tachometer Indicator Starting 
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chronism before it is coupled mechanically to J, by means of 
interfering pins on the two elements; J, is then accelerated 
to synchronism before it is coupled to the shaft and to J,, 
which is solidly attached to the shaft; J, is then accelerated 
to synchronism. ‘The above actions will occur in series in 
the course of normal starting. 

Equations have been developed in the article for calculat- 
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Fig. 2, Schematic of tachometer indicator motor 


ing the starting frequency of a motor in terms of locking 
torque of the rotor, inertia of the rotor elements, friction 
torque of the bearings, mechanical unbalance torque of the 
rotor elements, and other motor parameters. Starting- 
frequency calculations are made for the three rotor construc- 
tions. From these calculations one may conclude that the 
third construction, with both the rotor magnet and hysteresis 
element free on the shaft, is best for low-frequency starting. 

Samples have been built and tested with all three con- 
structions. ‘Tests and observation of the performance of 
these samples verify that the third construction is superior 
to the second, and the second, superior to the first. Ob- 
servations confirm, for example, that the starting actions 
of the third construction occur in series as stated in the 
foregoing. Unbalance and friction torques of the drag- 
magnet, however, may be such that the rotor magnet will 
be pulled out of synchronism, reverse its direction, start 
again, and possibly repeat the starting sequence several 
times before getting the dragmagnet up to synchronous 
speed. Starting tests on 581 production indicators having 
the third construction show a median starting frequency 
(with minimum generator excitation) of 1.75-per-cent rated 
speed, or 74rpm. ‘Test results show good agreement with 
calculated starting frequencies. 


Digest of a paper 54-358, “Aircraft Tachometer Indicator—An Analysis of Design 
Factors Affecting Starting Performance,” recommended by AIEE Committee on Air 
Transportation and approved by the AIEE Committee on Technical Operations for 
presentation at the AIEE Fall General Meeting, Chicago, IIl., October 11-15, 1954. 
Scheduled for publications in AIEE Applications and Industry, 1954. 


L. T, Akeley is with the General Electric Company, Lynn, Mass. 
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Magnetic Characteristics of Cores in Amplifiers | 


R. W. ROBERTS 
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METHOD of measuring the magnetic character- 

istics which control the manner in which cores operate 
in self-saturating magnetic amplifiers is necessary both for 
economical production and accurate design of such ampli- 
fiers. Because of the eddy-current-type effects present, even 
in thin gauges of the rectangular loop magnetic materials 
used in cores for high-performance self-saturating magnetic 
amplifiers, it has not been found possible to directly relate 
the amplifier performance to usual d-c or a-c hysteresis loop 
measurements.!? When operating in an amplifier, a core 
will generally follow a peculiar minor hysteresis loop deter- 
mined by the combination of core magnetic characteristics 
and conditions imposed by amplifier circuitry.2 Thus to 
predetermine the behavior of a core, it must be tested 
under conditions which simulate amplifier operation. 

A test method, shown in Fig. 1, has been developed? for 
measuring the pertinent characteristics of a core under 
conditions that approximate those in a self-saturating ampli- 
fier. Only a few turns are required and the placement of 
these turns on the core is not critical. Thus, the method is 
easily adaptable to the high-speed production testing of 
toroidal magnetic amplifier cores. The principle of the 
test is to apply a constant control demagnetizing force to a 
core for a period of 1/2 cycle of the test frequency in order 
to reset the flux from the positive saturation level in a man- 
ner similar to operation in a magnetic amplifier. The flux 
is then driven back to positive saturation during alternate 
half cycles by a pulse of exciting current and the total flux 
change per cycle is measured in terms of the alternating 
voltage induced in a pickup winding. 

The practical value of this test method is best indicated 
by the encouraging results obtained from its use in the pro- 
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Fig. 1. Magnetic amplifier core tester: 


basic circuit (right) 


Standard measurement points—1. 


from measured DAT; 
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DC SUPPLY 


Ac SUPPLY EXCITATION 


Typical core test characteristic curve (left) and 


Vio, measured at zero control ampere-turns; 2. Control ampere-turns meas- 
ured at specified voltage Vu; 3. Gain on linear region between specified voltages Vig and Vi, as calculated 
4. Vim, measured at specified control ampere-turns ATm 
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duction testing and matching of toroidal cores for a wid 
variety of critical high-performance magnetic amplifiers 

It has been found possible, on an empirical basis, te 
specify a range and match of core test characteristi 
values required for satisfactory operation of any particula 
amplifier design. For example, the introduction of thi 
procedure for core selection and matching in a pilot plan 
scale production of a wide variety of 2- and 4-core critica 
amplifier designs raised the over-all yield at first operationa 
test from about 70 per cent to 90 per cent. The previou 
core test method was based on measurements of pea: 
differential permeability and coercive force for a major a-: 
hysteresis loop obtained with sinusoidal magnetizing force 

Theoretical investigations of the relation between cor} 
tester measurements and- amplifier performance hav 
yielded a new approach to magnetic amplifier circuit analy 
sis. By this approach it is possible to directly relate ai 
amplifier control characteristic curve to the amplifier de 
sign, core size, and core material magnetic characteristic 
as measured by the core tester. This analysis is completel! 
accurate only for the limited range of applications fo 
which the core operates in a manner similar to core teste 
operation. In particular, the analysis is dependent on tw) 
requirements in regard to amplifier operation. These an 
that the amount of flux reset obtained with a given averag: 
value of control demagnetizing force will be the same unde 
amplifier and core test conditions; and that the volt 
seconds appearing in the gate winding, associated with thi 
increase of flux from the reset point to positive saturation 
be effective in reducing the output voltage while the voli 
seconds associated with the reset of flux will not directl 
appear in the amplifier output. However, even for ampli 
fier designs in which thes 
requirements are not met, thr 
method is valuable for ay 
proximate design calculation: 
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q HE understanding of 
% magnetic recording and 
e playback processes, and 


_the applications for magnetic 
4 recording have made consid- 
erable strides during the last 
15 years. In the early 30’s, 
“magnetic recorders had to 
operate with a recording-medium speed from 5 to 10 
feet per second to secure a frequency response from 50 to 
5,000 cycles per second. Today, it is almost standard 
“practice to achieve the same response characteristic with 
much higher signal-to-noise ratio and with considerably less 
distortion even though the medium moves only with a 
velocity of 2.5 to 3 inches per second. This represents a 
speed reduction of 20 to 1. The weight reduction is still 
‘greater, namely, 50 to 1 since the specific weight of plastic 
tape is at least 2.5 times less than that of steel tape, as was 
used then. No other method of recording, whether me- 
chanical or optical, has made such an advance in such a 
short period. 

A brief review of the history of magnetic recording in- 
dicates that 20 years ago the available magnetic-recording 
‘media with their relatively low coercive force limited the 
high-frequency response. In about 1936 Vicalloy tape, 
with more suitable magnetic properties, shifted the burden 
‘of improvements to magnetic heads. Then, coated 
magnetic tape and ring heads made their appearance—both 
intrinsically capable of a performance characteristic which 
has as yet not been fully exploited. 


RECORDING MEDIA 


F all the various magnetic-recording media which have 
been employed in the past, only the ones using mag- 
netic particles imbedded in plastic materials have achieved 
a position of prominence. Wire and tape, whether made 
from a solid magnetic alloy or by plating a magnetic alloy 
on a nonmagnetic core, are now used only for special pur- 
poses. There are good reasons for preferring a recording 
medium with a thin layer of dispersed magnetic particles. 
Such layers can be easily applied to a wide plastic or paper 
base which can be cut into tapes of any desired width. 
These tapes have great mechanical flexibility, are relatively 
light, and can be conveniently handled by the user. Fur- 
thermore, they possess magnetic properties much superior 
to those of solid or plated tapes. 
The iron-oxide particles which constitute the magnetiz- 
able substance of the layer have an average particle size of 
approximately 0.4 micron. Particles rarely exceed 0.7 


A special article recommended for publication by AIEE Committee on Television and 
Aural Broadcasting Systems. 
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Great advances have been made in magnetic 
recording in a short period of time. At pres- 
ent, it is being used in the fields of computers, 
instrumentation, business machines, and con- 
trol mechanisms. An interesting presentation is 
given of its development and applications. 
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micron and are mostly 
needle-shaped with a length- 
to-thickness ratio of about 
4 tol. 

The bulk magnetic prop- 
erties of these layers can be 
changed over a considerable 
range of coercivity. The most 
widely used tapes have a coercivity from 200 to 300 oersteds, 
and a remanent induction of about 600 to 800 gauss. 
Higher coercivity does not add materially to the medium’s 
capability of retaining short wavelength signals if at the 
same time the remanent induction cannot be substantially 
increased too. Unfortunately, it is not easy to raise the 
remanent induction much since the coating becomes 
brittle when the percentage content of magnetic particles 
is too large. Present-day coatings contain, by weight, 
75 to 85 per cent, and in volume, 45 to 55 per cent, magnetic 
particles. The relatively low remanent induction values 
are dictated by two factors, namely, the demagnetization of 
the material because of the nonmagnetic gaps between 
particles, and the reduced effective cross section since only 
half of the layer is occupied by particles. It would indeed 
be desirable to have a magnetic-recording medium with 
higher remanent induction, and then also with higher 
coercivity because the energy content of the reproduced 
signal would correspondingly increase. Much work is 
done these days to obtain an increase of remanent induction 
by more suitable shaping of particles so that they can be 
arranged in a pattern which will minimize the demagnetiza- 
tion effect. It is well to recognize, however, that for 
sound-recording applications, magnetic media have been 
perfected to a point where there is now little pressure for 
further improvements. 

This statement does not apply when magnetic-recording 
systems are employed for instrumentation work. So- 
called dropout of signals which can be traced to non- 
magnetic impurities and pinholes in the coating adversely 
affect the use of magnetic tapes for computers and telem- 
etry. Surface roughness, nonuniform particle distri- 
bution, and variation of coating thickness, all causing un- 
desirable level variations, make it practically impossible 
to retain data with the required accuracy when the con- 
ventional intensity method commonly used for sound re- 
cording is employed. It is, therefore, general practice to 
resort to some coding method such as a frequency modula- 
tion, pulse-width-ratio modulation, or other similar 
schemes. Incidentally, d-c values and low-frequency 
phenomena can also be recorded and reproduced when 
carrier techniques are applied. Unfortunately, the use 
of many such tricks introduces new problems which 
are caused by speed variations of the recording medium. 
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This will be discussed in somewhat greater detail in a later 
part of this presentation. 

It should be mentioned here that the recent introduction 
of DuPont Mylar polyester film as a support for a magnetic 
coating has greatly reduced speed variations due to its 
higher elastic modulus than that of acetate film which, so 
far, has served almost exclusively as base material for mag- 
netic tapes. In addition, Mylar polyester film maintains 


Fig. 1. Basic struc- 
ture of a magnetic 
ring head 


great physical stability over a temperature range from — 60 
to +95 C. Measurements reported, but not yet published, 
by members of the Reeves Soundcraft Corporation indicate 
that a 48 to 72 hours’ exposure to 150 C causes only a 3- 
per-cent permanent shrinkage, and a 72 hours’ exposure to 
125 C produces less than 1-per-cent shrinkage. Since 
the moisture absorption of Mylar is 1/30 that of cellulose 
acetate, all practical problems of shrinkage and swell dis- 
appear. 

Recent improvements have also been made in reducing 
the coefficient of friction of the magnetic layer by surface 
polishing and by adding lubricants to the coating. ‘This is 
important in counteracting flutter effects which are caused 
by friction-excited vibrations. 

The question is frequently raised as to what extent 
presently available recording media might control the 
shortest wavelength which can still be recorded and re- 
produced. Since in a rough approximation each _ half 
wavelength can be assumed to equal the length of a dipole 
magnet, and since each particle might be considered the 
shortest possible magnetic dipole, particle sizes of half a 
micron will permit recording wavelengths as short as 1 
micron. ‘This is equivalent to recording 25,000 cycles per 
lineal inch along the motion of the recording medium. If 
frequencies up to 4 megacycles have to be retained, as 
might be needed for storing the information content of a 
television program, the minimum velocity of the recording 
medium is approximately 131/» feet per second. 

It has been reported by members of the Radio Corpora- 
tion of America that video recordings have been made with 
a tape speed of 30 feet per second, but more than one 
magnetic track has been employed. No specific informa- 
tion has been given regarding the highest frequency which 
this system was capable of recording and reproducing on 
any one of the four video channels.'?  Present-day com- 
mercial magnetic-recording systems can resolve wavelengths 
of about 0.0004 inch. 
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MAGNETIC HEADS | 
N this stage of the art the magnetic reproducing hea 
sets the limits. The effective gap length of the heac 
must be smaller than the wavelength which the reproducing 
device is expected to read. To build a practical head with 
a gap length of less than 1 micron isa difficult if not im. 
possible task. The degree of required mechanical accuracy is 
far beyond what can be reliably and consistently obtained. 
The making of heads with an extremely small gap length is 
further aggravated by the fact that many materials whick 
might magnetically be suitable for pole pieces have é 
rather coarse grain structure. This is particularly true for 
the ferrites which are otherwise attractive because of then 
low eddy-current losses. 

When it comes to recording and reproducing frequencies 
in the megacycle range, eddy-current losses are serious. 
Magnetic heads made by stacking up laminations ©: 
permalloy or other high-mu materials are not too practica 
in this frequency region. It is also necessary that the sepa- 
ration between magnetic layer of the recording medium 
and the gap be of a smaller dimension than the length of gap 

During the last 10 years the so-called magnetic ring heac 
has been the basis of all major head design efforts. In i 
magnetic ring head the magnetic material forms an 
essentially closed structure with one or more nonmagnetic 
gaps. The magnetic-recording medium bridges one o: 
these gaps. A schematic sketch of a balanced ring head ii 
shown in Fig. 1. It comprises two pole pieces of equa: 
dimension, each equipped with one winding. The effective 
gap length which determines the resolution power in re: 
production is determined by three factors: 1. the thicknes: 
of the spacer separating the pole pieces, 2. the sharpnes: 
of the pole-tip corners at the point of contact with the re: 
cording medium, and 3. the distance between the pole: 
piece surface and the recording medium. In Fig. 2 the 
unequalized response versus frequency of a commerciall: 
available head (Brush BK-7090) is illustrated. To obtain 
consistently such a response curve, most careful workmani 
ship and elaborate tooling is required. The pole faces are 
made flat and the corners sharp prior to inserting a close 
tolerance nonmagnetic shim. The contact areas of thi 
pole pieces are polished to improve contact conditions be 
tween the magnetic layer of the recording medium ane 
the head. The effective gap length of this head is 3 > 
10~4 inches and is determined by inspecting the respons3 
of the head versus wavelength and by locating the first poim 
of minimum output in the short-wavelength range.’ 

The playback heads are responsive only to rate of flu 
changes. This means that the voltage output is propo 
tional to the frequency. In practice, this holds true onl! 
for a limited range. The reproduction of very short wav 
lengths brings in the gap-length effect. The reproductio 
of wavelengths much longer than the contact length betwee 
pole pieces and recording medium in the direction of ta 
motion causes a part of the recorded flux not to enter t 
head. Under this condition, an 18-db-per-octave ru} 
applies. . 

Magnetic heads have been built which are responsive t 
the amplitude of flux. One type employs the beam deflec 
tion of a cathode-ray type tube which is located betwe 
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two pole pieces forming a narrow gap where they touch the 
medium.*> Magnetic-amplifier principles are used in 
other approach. This is accomplished by changing the 
permeability of the magnetic structure of the head by means 
of a suitably excited high-frequency magnetizing field which 
does not affect the recorded signal. Both these heads can 
; cad flux emanating from a stationary medium but are 


v i velengths as outlined before. A d-c signal longitudinally 
recorded cannot be detected by any head, since no flux 
leaves the surface of the medium when the internal flux 


~ RECORDING AND REPRODUCTION OF WIDE-BAND 
FREQUENCY PHENOMENA 
ae TON might now be turned to the many applica- 
| tions for magnetic recording. One can broadly 
‘differentiate between two major usages, namely, recording 
md reproduction of wide-band frequency phenomena as 
they occur in acoustical and other related work, and the 
recording and reproduction of pulses. For sound record- 
ing, only a limited degree of long-time stability is needed. 
It generally suffices if the relative amplitude of the various 
frequency components is maintained, if the noise is kept 
‘small in relation to that of low-level signals, and if distor- 
tions do not exceed a predetermined value. Magnetic 
recording will meet these requirements well. While there 
is a tendency for short-wavelength signals to exhibit with 
‘time and with the number of playbacks level reductions 
relative to long-wavelength signals, these changes of one 
‘or possibly 2 db are generally not objectionable. A 
‘signal-to-noise ratio of better than 60 db is unique in com- 
parison with other methods of recording. Harmonic dis- 
tortions even at this excellent signal-to-noise ratio do not 
exceed 2 to 3 per cent in commercially available 
‘equipment. Signal transfer from one to an adjacent layer 
‘of tape, when wound on a reel, might be considered a 
deficiency. However, the level of the transferred signal is 
49 to 57 db down for many commercial tapes.’? The 
magnitude of the printed signal depends upon the period of 
contact between layers, upon the magnetic properties of the 
magnetic layer and its past history, upon the intensity of 
the signal recorded thereon, upon the prevailing tempera- 
tures, upon the external magnetic field conditions, and upon 
the separation of the magnetic layers of the tape. When 
motion-picture film base is used as support for the magnetic 
layer, signal transfer is extremely small. On the other 
hand, the use of thinner tapes than the conventional acetate 
ones such as have been proposed for Mylar polyester film 
might create a serious printing problem. The application 
of a small erasing field prior to reproduction has been 
recommended since it will noticeably reduce the printed 
Signal but hardly affect the parent one.* 

In the reproduction of sound, casual defects such as 
caused by nonuniformity of the coating or temporary 
change of contact between recording head and medium are 
hardly observable. Experience with six magnetic sound 
tracks and one control track as pioneered by Cinerama has 
shown the excellent performance capabilities of magnetic 
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recording. Cinerama’s and Cinemascope’s demonstra- 
tions of the acoustic effect of multichannel sound systems 
might in due course lead to a commercial version for stereo- 
phonic reproduction in homes. 

In the field of computing devices and in the area of in- 
strumentation, magnetic recording is playing an ever-in- 
creasing part. For these applications some method of 
coding is frequently required to provide the necessary 
degree of accuracy. In telemetry and in the recording of 
seismic phenomena, errors must not exceed a few per cent. 
Since World War II, telemetering engineers have often 
chosen frequency modulation as an acceptable coding 
method. When the original signal is extracted from a 
frequency-modulated carrier, flutter and wow of the record- 
ing medium cause the generation of unwanted signals. 
Carefully designed drive mechanisms with a peak-to-peak 
speed variation of 0.1 per cent are now available and 
keep errors within a few per cent, particularly when 
wide side bands are used. If accuracy of 1 per cent is 
desired, a constant frequency signal can be recorded in 
addition to the frequency-modulated carrier to serve as a 
reference during playback. ‘This reference frequency can 
either be made to control the speed of the recording medium 
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Fig. 2. Output versus frequency for BK-1090 recorder 


during reproduction or-to-provide some compensation for a 
purely electronic correction method.®... 


MAGNETIC PULSE RECORDING 


AMPLING methods are becoming more accepted lately.’ 
In this approach the instantaneous amplitude of the 
signal is determined at precise intervals and the magnitude 
of each sample is expressed either as the time-duration ratio 
of the positive and negative pulse length of a square wave 
or asadigitalnumber. The first type of coding is identified 
as pulse-width-ratio modulation, and the second as pulse- 
code modulation. In the pulse-width-ratio modulation 
usually only one recording channel is used. In pulse-code 
modulation it becomes frequently practical to record the 
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binary number corresponding to the amplitude of the 
signal on parallel channels. Eight channels will reduce the 
error to less than 1 per cent. In either method it is 
sufficient to use only three samples for each cycle of the 
highest frequency component contained in the signal if 
the sampling is done properly. 

Digital computer designers have worked extensively on 
pulse recording and playback techniques for the last 7 
years. They frequently employ tape to store input and 
output information, and they often use drums as inter- 
mediate short-time memory devices. It is obviously de- 
sirable to pack as many pulses as possible within a given 
surface area of the recording medium. In accordance with 
present-day techniques 200 to 250 pulses per inch can be 
accommodated in the direction of the motion if the. re- 
cording medium and head operated in contact, and 80 to 
100 pulses if the recording speed is so high that contact 
cannot be maintained. The pulse density across the 
width of the medium is much less, particularly if accurate 
alignment of a number of head gaps is required as is 
frequently the case. Under those circumstances only 13 
to 15 magnetic tracks can be placed within 1 inch of 
recording-medium width since each pole-piece structure 
with its associated magnetizing coil dictates a minimum 
separation of about 0.07 inch. If head-gap alignment 
is not necessary, 50 tracks per inch might be used. 
Since pulse-packing density is greater by at least a factor of 
two when head and medium contact each other, this 
arrangement is used wherever possible. In most com- 
mercial drums, however, the surface speed is so high that it 
has been the practice to space heads by a distance of 
0.001 to 0.002 inch. Over the period of the last year, 
experiments have been made by the Clevite-Brush Develop- 
ment Company with 1-inch-diameter drums, employing a 
rubber tire with imbedded magnetic particles as a record- 
ing medium, and maintaining physical contact between the 
tire surface and the magnetic head. Even though the 
drum rotates at 3,600 rpm and, thus, has a surface speed of 
more than 180 inches per second, neither the head nor the 
tire have shown any objectionable wear and deterioration 
after more than 3 billion revolutions. Rubberlike bands 
with imbedded magnetic particles were developed by the 
Bell Telephone Laboratories for applications where long 
life in continuous use is required. For some years the 
Clevite-Brush Development Company has made magnetic 
bands for announcing and control systems, and for delay 
devices. 

For some applications the use of small drums might be 
quite advantageous not only because more pulses can be 
accommodated per square inch of surface, but also because 
the volume-to-surface ratio increases proportionally with 
the diameter, thus making a bigger drum more wasteful in 
terms of space requirements. Last, but not least, the me- 
chanical accuracy required for a small drum does not need 
to be as great as that for one with a 10- to 14-inch diameter 
which has heads slightly spaced from the periphery. 


RECENT APPLICATIONS OF MAGNETIC RECORDING 


NE of the great advantages in using magnetic tapes to 
handle input and output data of a computer lies in 
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the fact that a 10-inch reel, loaded with 1/4-inch tape and 
occupying a space of 16 cubic inches, can retain as many bits 
of information as can be accommodated in a volume of 
approximately 3.5 cubic feet filled with typical paper cards 
now frequently serving as storage media. Furthermore, 
the random access time to magnetically recorded data is 
at least 16 times faster than to markings on paper cards, 
as previously done. u 

Tape-controlled machine tools are still in the experi- 
mental stage. Information representing the work cycle is: 
stored on the recording medium and dictates the machine: 
motion and on-off operations during playback." | 

It is only recently that magnetic recording has begun to: 
play an important part in the field of geophysical explora-. 
tion work. Up to now, signals generated by explosive’ 
charges and reflected by the various boundary layers of the: 
earth’s strata are picked up by a series of geophones and! 
are optically recorded on a suitable photographic paper.. 
In many instances it is desirable, and often essential, to delay’ 
slightly one graphic tracing with regard to another, or to; 
eliminate certain frequency components to obtain best 
results when interpreting a record by visual inspection.. 
The original magnetic record can also be preserved and usedi 
at later times when new methods of evaluation should! 
become available. 

During World War II various military agencies had found! 
magnetic recording valuable for special applications, butt 
the total sales of all devices built in this period never ex- 
ceeded a few million dollars. Even as late as 1945 magnetic: 
recording was practically unknown to the public. ‘There 
are no accurate sales figures available for 1953. Con- 
servative estimates indicate that more than 200 million: 
dollars’ worth of magnetic sound-recording equipments 
and accessories alone were bought by the American: 
public and the interest is still growing. But the real 
future of magnetic recording lies in the area of instrumenta- 
tion and in the field of computers, business machines, and: 
control mechanisms. 
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AGNETIC AMPLIFIERS of the saturable reactor 
type are used in applications which require a sub- 
_ stantially linear relationship between d-c input and d-c 
_ output. 
_ The basic saturable reactor circuit, as applied for 
3 a typical metering scheme, is shown schematically in Fig. 
1. The transfer characteristic of this typical applica- 
tion, given in Fig. 2, shows the substantially linear 
range of operation. It also shows a nonlinear range in the 
near vicinity of zero control and a finite or quiescent output 
‘at zero control. Because of this quiescent output, the 
_ field of application is somewhat limited. An interpretation 
_ of the transfer characteristic, as concerns the calibration of 
the instrument M of Fig. 1, shows that the instrument 
scale is linear for but a limited range and that the me- 
chanical and electrical zeros of the instrument will not be 
coincident. These deviations from ‘‘to-zero” linear opera- 
_ tion, while not being critically restrictive for the metering 
scheme of Fig, 1, are undesirable since they require a 
special calibration of the instrument scale. 
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The operation of the circuit introduced in this digest is 
concerned with eliminating the quiescent output of a single- 
ended series-connected saturable reactor which has rela- 
tively low control circuit impedance.1_ The new circuit 
is a modification of this basic circuit and is shown sche- 
matically in Fig. 3. The modification is the addition of a 
transformer 7 between the reactors and the rectifier R 
in the circuit. 

The elimination of quiescent current is the result of a 
unique combination of the nonlinear characteristics of the 
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Reactor Circuit with Quiescent Current Compensation 


Reed eA DUS 


transformer and rectifier. In effect, the transformer acts 
to shunt the reactor quiescent current from the rectifier, 
i.e., the transformer absorbs the quiescent current without 
producing an appreciable secondary voltage. ‘The action 
required of the rectifier is that it block the quiescent second- 


DC INPUT 


Fig. 3. Single- 
ended saturable 
reactor circuit for 
full-range _ linear 
operation 


ary voltage which is actually produced. The rectifier per- 
forms this service effectively by presenting a high resistance 
in the circuit to this relatively small quiescent secondary 
voltage. 

For other than the quiescent condition, the transformer 
acts essentially as a current transformer and the secondary 
current is relatively independent of the nonlinearity of the 
rectifier resistance. ‘The magnetization which is associated 
with the transformer operation is recognized as a source of 
error in the relationship between reactor current, 7, and 
output current, 7,; however, it need not have a restricting 
effect on the full-range circuit operation. 

Experimental testing has been conducted on a model 
which is capable of delivering a nominal output of 3.5 
milliamperes into a 10,000-ohm resistive load at 17 
milliamperes of d-c input. The results of these tests show 
that the output is a linear function of the input within 
+1/2 of 1 per cent of the nominal output or +0.0175 
milliampere. These accuracy limits are maintained for 
every value of d-c input in the full operating range, 0 to 
17 milliamperes. 

A single-ended saturable reactor device with such a “‘to- 
zero” control characteristic is quite naturally applicable to 
the field of d-c metering, since it can be a stable, full-range 
linear, isolating link between industrial d-c power systems 
and their associated metering and control circuits. 
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Winter General Meeting Offers 


Full Program of Technical Sessions 


This year the Winter General Meeting 
will be held not only in the Statler, the 
headquarters hotel, but also in the Hotel 
Governor Clinton, New York, N. Y., Janu- 
ary 31-February 4, 1955. 

The technical committees of the Institute 
are planning another full program of tech- 
nical sessions and symposiums. Five have 
already been announced on the subjects of 
disconnect switches and switchgear. In 
addition, there will be relays, carrier current, 
and substations sessions, besides three meet- 
ings sponsored by the Committee on Trans- 
formers all in the Power Division. 

Committees in the Communication Divi- 
sion have completed their preliminary plan- 
ning and have announced sessions on anten- 
nas and propagation, color television, radio 
communications, communication switching, 
wire communications, and special communi- 
cation applications. 

In the Industry Division technical meet- 
ings on industrial power systems, industrial 
control, petroleum industry, cathodic pro- 


Informal Tea 


This social gathering before the 
formal program begins has been en- 
joyed by more and more people each 
year. Make it a point to attend this 
year—Sunday afternoon, January 30, 


from 4 to 6 p.m., in the Georgian 


Room of the Statler. There will be no 
charge. 

During this period the registration 
facilities will be open for those wishing 


to avoid the Monday morning rush. 


tection, electrochemical processes, and chem- 
ical industry are being organized. 

Other meetings announced are on elec- 
tronic aids to navigation, semiconductor 
reliability, basic concepts, nucleonics, and 
electronic power converters. One important 
session is being arranged by the Committee 
on Research, a general committee of the 
Institute. 


HOTEL RESERVATIONS 

Blocks of rooms have been set aside at the 
Statler and nearby hotels for members and 
guests attending the meeting. Requests for 
reservations should be sent, prior to January 
17, directly to the hotel of choice and to only 
one hotel. AIEE should be mentioned in 
the request. If rooms are not available at 
the hotel of your choice, your request will be 
referred to the Hotel Accommodations Com- 
mittee. This committee will then place it 
with another convention hotel. 

Because of the current accommodations 
situation in New York, reservations for 
arrival on Sunday, January 30, are sug- 
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gested. Hotel rooms have been reserved at 
the following: 


Hotel Statler (meeting headquarters), 7th 
Avenue, 32d to 33d Streets 

Single room with bath.... $ 6.50 to $11.00 

Double room).:......... 9.50 to 14.00 

Twin bedroom.......... 10.50 to 18.00 

Suites apnea een be co. OO ROM OO 


Hotel New Yorker, 34th Street and 8th 
Avenue 

Single room with bath.... 

Doublewoonmtecress rt 


$ 6.00 to $12.00 
9.00 to 14.50 
10.50 to 16.00 


Hotel Governor Clinton, 7th Avenue at 31st 
Street 

Single room with bath.... 

Double'roomspeee aa: 

iLwin\bedroourasemee 


$ 6.00 to $ 9.00 
8.50 to 11.50 
10.50 to 14.50 


Hotel McAlIpin, Broadway and 34th Street 

Single room with bath.... $ 4.50 to $ 9.25 
Double room Areas 7.00 to 13.50 
8.50 to 13.50 


Hotel Roosevelt, Madison Avenue at 45th 
Street 

Single room with bath.... 

Donubleoompnree seer 


$ 7.50 to $14.00 
12.50 to 17.50 
15.00 to 20.00 


Hotel Martinique, Broadway and 32d 


Street 
Single room with bath.... $ 5.00 to $ 7.00 
‘Doubleroontss eee 8.50 to 11.00 
ewan bearoome eee 9.00 to 12.00 


Rates are subject to 5 per cent New York 
City hotel room tax. 


SMOKER COMMITTEE 


A smoker is scheduled for Tuesday evening, 
February 1. Attention is called to the fact 
that the smoker will be held at the Hotel 
Statler, rather than at the Hotel Commodore 
as in recent years. Tickets will be $10.00 
each. Reservations should be made at an 
early date and addressed to: Smoker Com- 
mittee, AIEE Headquarters, 33 West 39th 
Street, New York 18, N. Y. Those received 
after January 11 will not be honored. 


DINNER-DANCE 


Dinner, the President’s Reception, and 
dancing, all in the Grand Ball Room of the 
Hotel Statler, will climax the social affairs of 
the Winter General Meeting, Thursday 
evening, February 3. 

Reserve tables for ten, or individual 
places, by calling or writing soon to AIEE 
Headquarters, 33 West 39th Street, New 
York City 18, N. Y. ‘Tickets are $12.00 
each and checks should be made to “‘Special 
Account, Secretary, ATEE.”’ 


INSPECTION TRIPS 


A program of inspection trips is being 
arranged which will include, tentatively, the 


Institute Activities 


following places of general and technical 
interest: Brookhaven National Laboratory, 
Fairless Plant of the U.S. Steel Corporation, 
Astoria Generating Station of the Consoli- 
dated Edison Company, Bell Telephone 
Laboratories, Federal Electric Products 
Plant, Radio City Music Hall, Rambusch 
Decorating Company, U.S. Navy Materials 


i es 


Laboratory, Edgewater Assembly Plant of — 


the Ford Motor Company, Sylvania Prod- 
ucts Plant, New York Stock Exchange, 
International Business Machines, and United 
Nations General Assembly Building. 


THEATER TICKETS 


As in the past, tickets to the following 
shows currently playing in New York will be 
available to AIEE members during the week 


of the meeting. All prices shown are 
brokers’ prices. 
Evenings Matinees 
M,T,W,T F,S W,S 
By the Beautiful Sea....... $8.00. ..$8.00...$5.70 
Shirley Booth 
The Boyfriend 49. «42.52 -c ie) Ss O0be 8.0 cere 
Caine Mutiny Court 
Martial oe aews fas er 5.70.72 5) OnGO% ute 
L. Nolan, J. Hodiak, 
B. Sullivan 
Cane Garis ete eae 8.00... 8:00... Sa7G 
Comedy in Music.......... 5isf0)s 3.) (6:85). pemoeee 
Victor Borge ; 
Fanny? (2 iid ch sacais ates te 8.001... 4 S200L mea 
Ezio Pinza, Walter Slezak 
Kismet sie as oa aiehe sas) siara ys 7.70 VARA) 4.95 
Alfred Drake 
Qn: Your Toess-nmiosce cis 8.00.2 850055. S370) 
Vera Zorina, Bobby Van 
The-Pajama'Gameé.. 2... 8.00. «. (S00 a5 ee 
J. Raitt, J. Page, 
E. Foy, Jr. 
The Reclining Figure...... 5.70: 2.) 6285reema aS) 
Mike Wallace, Martin 
Gabel 
The Solid Gold Cadillac.... 5.70... 6.85... 5.15 
Sally Forrest 
The Teahouse of the August 
Moon Nemesia cients stoke 5.70 ifeey? Eye te; 
Burgess Meredith, Scot 
McKay 
The Wedding Breakfast.... 5.70... 6.85... 5.15 
Lee Grant 


Checks should be made payable to: 
‘Theater Ticket Committee, AIEE.” Re- 
quests also should include first and second 
choice of both name and date of show, and 
should be sent to: Theater Ticket Com- 
mittee, AIEE, c/o S. Friend, Jr., 75 Buena 
Vista Drive, Dobbs Ferry, N. Y. 


LADIES ENTERTAINMENT 


The committee is arranging an attractive 
program which includes a ‘‘Get Acquainted” 
tea on Monday afternoon in Ladies’ Head- 
quarters at the Hotel Statler, a dinner and 
entertainment Tuesday night in the Penn 
Top, breakfast at Altman’s, luncheon and 
fashion show in the Jade Room, Waldorf- 
Astoria on Thursday, tour through United 
Nations Building, as well as tours to other 
points of interest. Coffee will be served 
each morning from 9 to 11 a.m. Registra- 
tion will open in the Georgian Room on 


Sunday, January 30, from 2 to 4 p.m., and 
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thereafter each day beginning at 8:30 a.m. 
in the Ladies’ Headquarters. 


WINTER GENERAL MEETING COMMITTEE 


Members of the 1955 Winter General 
Meeting Committee are: A. J. Cooper, 
chairman; D. M. Quick, vice-chairman; 
: J. J. Anderson, secretary; C. S. Purnell, 
_ budget co-ordinator; J. P. Neubauer, Vice- 
_ President, District 3; J. D. Tebo, chairman, 


The 1954 AIEE Fall General Meeting was 
~ held in Chicago, Ill., at the Morrison Hotel, 
%- October 11-15. The attendance at this, 
_ first of the three Fall Meetings to be held in 
Chicago, was 2,008 including members, 
students, and guests. The next two Fall 
| Meetings in Chicago will occur in 1955 and 
1956. 

Besides the General Session, there were 
technical sessions, covering a wide gamut of 
subjects: industrial power systems, air and 
land transportation, rotating machinery, 
_ radio and wire communications, color tele- 
- vision and its attendant high-fidelity and 
- magnetic recording, various phases of power 
_ generation and distribution, relays, trans- 
_ formers, etc. Because of the number of 
_ papers submitted, several subjects had to be 
_ covered in more than one session; for in- 
_ stance, air transportation had eight sessions 
_ and induction machinery had two, as did 
_ higher distribution voltage for metropolitan 
" areas. 

_ On the social side, the Chicago Section 
ee was host at a Get-Acquainted cocktail party 
# Monday afternoon. While members en- 
_ joyed a smoker on Tuesday evening, the 
- ladies ate at the Kungsholm Restaurant and 
_ saw the famous Miniature Grand Opera. 
_ The next evening everyone enjoyed the din- 
ner-dance. 

On Tuesday, Eta Kappa Nu held a cur- 
tain raiser to its 75th anniversary with a 
luncheon at which Dr. W. L. Everitt, Univer- 

_ sity of Illinois, spoke. 

Because of the flood which forced some of 
the power stations to shut down, the inspec- 
tion trip to the Ridgeland station had to be 
cancelled; however, this was the only trip 
with which the unprecedented high waters in 
the city interfered. 


GENERAL SESSION 


The opening General Session was presided 
over by F. A. Cox, general chairman of the 
Fall Meeting. He introduced John W. 
Evers, president, Commonwealth Edison 
Company, who welcomed the members and 
their guests. Mr. Evers described the work 
that electrical engineers had done in his com- 
pany. He said that those who were most 

- successful had attained versatility in the 
several phases of the company’s activities. 
Mr. Evers also told of offers which Chicago 
had made to the engineering societies in- 
ducing them to move their headquarters to 
that city. 

The next speaker was AIEE President A. 
C. Monteith, who spoke about the Institute’s 
financial problems. In the present fiscal 
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Committee on Technical Operations; R. T. 
Ferris, public relations; J. R. Kerner, 
general session; Avery Gould, dinner-dance; 
W. G. Vieth, hotel accommodations; J. V. 
O’Connor, inspection trips; Morris Brenner, 
registration; R. W. Gillette, smoker; R. T. 
Weil, monitors; S. Friend, Jr., theater and 
broadcast tickets; Mrs. Merwin Brandon, 
ladies’ committee; C. T. Hatcher, ex officio 
member (past chairman), 


2,008 Attend Fall General Meeting 
Held in Chicago, October 11-15 


year, the Institute will spend about $40,000 
more than will be taken in. Next year the 
deficit will be more than doubled, unless 
something is done about it. The increase in 
costs in the Institute’s publishing program 
and its expansion is largely the cause of the 
deficit and rather than curtail this program 
in any way, it is to be proposed to the Board 
of Directors that AIEE dues be increased, 
something that has not been done for more 
than half a century. 

President Monteith told how the member- 
ship has more than tripled since 1922; 
Sections and Student Branches have doubled 
in number in the same thirty years, as have 
both their meetings. He outlined some of 
the increased costs of serving the member- 
ship; for example, in 1922 the cost was 
$16.77 per member and now this has risen to 
$24.70. While the Institute has expanded 
in every way, which is a healthy sign, this 
expansion has meant increased over-all costs. 

The principal address of the General 
Session was ‘‘Technology in Defense,” 
given by AIEE Past President Donald A. 
Quarles. Mr. Quarles is Assistant Sec- 
retary of Defense, Research and Develop- 
ment. He outlined some of the more im- 
portant technological advances made within 
the past ten years and showed how engineers 
are needed for the future strength and wel- 
fare of this country. It is important that en- 
gineers work toward national policies that 
enhance and conserve engineering manpower 
which should be disposed to our greatest 
national advantage. Engineers should so 
organize themselves that their voices may be 
heard in the formulation of national policy 
relating to their profession, he said. 


TECHNICAL SESSIONS 


Metallic Rectifiers. ‘That germanium recti- 
fiers are capable of handling large amounts 
of power was evident from a conference paper 
presented by E. F. Losco and H. R. Camp of 
Westinghouse. A unique method of water 
and vapor cooling made possible continu- 
ous operation of six experimental rectifiers, 
arranged in a 3-phase bridge circuit with 
a-c power supplied by the transformer and 
reactor unit of a 300-ampere d-c welder. 
The rectifier unit was found capable of de- 
livering over 300 amperes at 40 volts d-c. 
Intentional short circuits put on the unit indi- 
cated that surge currents as high as 800 am- 
peres and surge voltages up to 230 volts 
could be applied with no damage. 

A portable magnetically regulated light- 
weight battery charger for military field ap- 
plications has been developed, as reported 
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Future AIEE Meetings 


AIEE-IRE-ACM Eastern Computer 
Conference 

Bellevue-Stratford Hotel, Philadelphia, Pa. 
December 8-10, 1954 

(Final date for submitting papers—closed) 


AIEE-IRE-NBS High-Frequency 
Measurements Conference 

Hotel Statler, Washington, D. C. 
January 17-19, 1955 

(Final date for submitting papers—closed ) 


Winter General Meeting 

Hotels Statler and Governor Clinton, New 
WorkwNe Ye 

January 31—February 4, 1955 

(Final date for submitting papers—closed) 


AIEE-IRE Transistor Circuits Conference 
University of Pennsylvania, Philadelphia, Pa. 
February 17-18, 1955 

(Final date for submitting papers—closed) 


AIEE-IRE-ACM Western Computer 
Conference 

Hotel Statler, Los Angeles, Calif. 

March 1-3, 1955 

(Final date for submitting papers—December 7) 


Electrical Utilization of Aluminum 
Conference 

William Penn Hotel, Pittsburgh, Pa. 

March 15-17, 1955 

(Final date for submitting papers—December 15) 


Materials Handling Conference 

Hotel Cleveland, Cleveland, Ohio 

March 28-29, 1955 

(Final date for submitting papers—December 28) 


Rubber and Plastics Conference 

Akron, Ohio 

April 5-6, 1955 

(Final date for submitting papers—January 5) 


Southern District Meeting 

St. Petersburg, Fla. 

April 13-15, 1955 

(Final date for submitting papers—January 12) 


Pulp and Paper Conference 

St. Petersburg, Fla. 

April 14, 1955 

(Final date for submitting papers—January 74) 


Middle Eastern District Meeting 
Columbus, Ohio 

May 4-6, 1955 

(Final date for submitting papers—February 4) 


Electric Heating Conference 

LaSalle Hotel, Chicago, III. 

May 10-11, 1955 

(Final date for submitting papers—February 10) 


Telemetering Conference 

Morrison Hotel, Chicago, Ill. 

May 18-20, 1955 

(Final date for submitting papers—February 18) 


AIEE-APS-AIME-CIT Magnetics 
Conference 

William Penn Hotel, Pittsburgh, Pa. 

June 14-16, 1955 

(Final date for submitting papers—March 14) 


1955 Summer General Meeting 
New Ocean House, Swampscott, Mass. 
June 27—July 1, 1955 

(Final date for submitting papers—March 29) 
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Shown above are: 
pany; D. A. Quarles, past president of AIEE and Assistant Secretary of Defense, Re- 
search and Development; and A. C. Monteith, AIEE President and vice-president of 


Westinghouse. 


(left to right) J. W. Evers, president of Commonwealth Edison Com- 


All three men played a prominent part in the Fall General Meeting. 


Mr. Evers welcomed members and their guests; Mr. Quarles gave the principal address 
of the General Session, ‘‘Technology in Defense;’’ and President Monteith spoke about 
the financial status of the Institute 


in a paper by R. E. D. Anderson, Bell Tele- 
Phone Laboratories. The charger has a 
welded aluminum chassis and a field carry- 
ing case, and weighs 265 pounds. The basic 
regulating circuit was adapted from one de- 
veloped for telephone use, but incorporates a 
self-saturating magnetic amplifier circuit for 
line regulation in place of a ferroresonant- 
type circuit in order to tolerate frequency 
variations which might occur with portable 
engine generators. 


The Author Meets the Publisher. An innova- 
tion was sponsored by the Committee on 
Electronics in a session devoted to technical 
writing. The points of view of book and 
magazine publishers and editors were first 
presented and then those of two authors who 
have had their work published on several 
occasions. 

Those responsible for putting out books and 
magazines are always on the search for good 
publishable material and are willing to ad- 
vise and aid authors who demonstrate they 
have something worthwhile to offer. On the 
other hand, it was brought out that authors— 
especially those who have not had much ex- 
perience—need encouragement. This may 
well come from older and more experienced 
engineers in the same company. 

In the discussion several men stated that it 
was their job in their companies to assist 
young engineers in their writing and to see 
that they received proper recognition. 


Higher Distribution Voltage for Metropolitan 
Areas. A series of ten technical papers were 
presented in two sessions concerning the feas- 
ibility of providing higher voltages, of the 
order of 250 and 460 volts, to commercial es- 
tablishments and buildings in urban areas. 
This series has been printed as an AIEE 
special publication, S-66. 
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Nucleonics. The subject of nuclear reactors 
proved of prime interest as evidenced by the 
discussion which followed presentation of the 
six papers at this session. Dr. Stuart 
McLain, Argonne National Laboratories, 
gave an over-all picture of reactors which 
could be used as producers of power. He 
discussed the different broad classifications of 
reactors, their coolants, fuels, and the govern- 
ment and industrial programs. 

One phase of the subject of nuclear power 
with which everyone is most concerned is the 
legal aspects of the recently passed Atomic 
Energy Act of 1954 and how this law will 
affect the progress of the art. Stuart 
MacMackin, General Electric Company, 
discussed these legal problems. He brought 
out that under the new Act private enterprise 
may obtain a better entree, but it is an un- 
known factor as yet to what extent the Atomic 
Energy Commission will issue licenses. 

Another aspect is the liability for negli- 
gence, which the insurance companies are 
quite skeptical to write policies for. It was 
thought that a maximum of $10 million 
would be the limit in the atomic field... Even 
with all the limitations, this new Act is a step 
forward. 

Two other papers were presented which 
covered nondestructive testing and the instru- 
ments used. Warren McGonnagle, Argonne 
National Laboratory, listed the various 
methods of testing, as visual, thermal, radiog- 
raphy, acoustic, magnetic, electrostatic, 
mechanical gauging, etc., and Robert Swank, 
of the same agency, presented a paper on the 
detection of radiation and the scintillation 
counter, 


International Communications. Of outstanding 
interest was the conference paper “A Trans- 
atlantic Telephone Cable” presented by 
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M. J. Kelly, president, Bell Telephone Labo- 
ratories, whose co-authors were G. W. Gil- 
man of the Bell Laboratories, Sir W. Gordon 
Radley and R. J. Halsey, Post Office of the 
United Kingdom. After tracing the history” 
of communication across the North Atlantic, 
the inadequacy of radio circuits to satisfy the | 
requirements of traffic growth was discussed. | { 
A general description was given of the cable | 
system which will provide 35 telephone curs 
cuits across the Atlantic and 60 between) 
Nova Scotia and Newfoundland. 
The project has been made possible by the 
development of submerged repeaters contain-_ 
ing vacuum tubes and other components with 
a life expectancy of 20 years. Fifty two of | 
these repeaters will be used in each of yy | 
way cables, connecting Newfoundland and. 
Scotland, nearly 2,000 nautical miles away. 
Opening the discussion was a recording by. 
Sir Stanley Angwin, former chief engineer, 
British Post Office, who stressed that the 
mechanical problems involved in this cable 
were greater than the electrical ones, as_ 
there were always so many things that could | . 
occur before, during, and after the cable was. 
laid which could not be anticipated as could | 
those of an electrical nature. Dr. O. E. 
Buckley, now retired from the Bell Telephone 
Laboratories and one of the proponents for a 
cable of this nature, also stated by means of a 
recording that he thought that such cables 
would become the backbone of telephonic 
communication across the Atlantic. He con- 
siders the expansion of frequency from 1 cycle 
per second in the first transatlantic cable to 
the more than 100 kc of this latest one, a. 
forward step of the greatest importance. 


High Fidelity and Magnetic Recording. A 200- 
watt power amplifier and its power supply 
was described by F. H. McIntosh, who de- 
veloped the output circuit of the amplifier. 
Not only is this equipment usable for repro- 
ducing sound, but it can be employed indus- 
trially where variable frequency and vari- 
able voltages are required. Mr. McIntosh 
demonstrated his apparatus with all types of ” 
recordings which illustrated its versatility. 

F. H. Slaymaker, Stromberg-Carlson Com- 
pany, discussed the general problems of 
standardization in the electronics industry 
with special reference to high fidelity. 
Standards cannot be forced on anyone; they | 
should be gathered slowly, as various angles 
and aspects are standardized by different 
organizations, such as the Underwriters 
Laboratory, the FCC, and others. Above 
all, Mr. Slaymaker stressed, standards writers 
should not be reformers. 

A survey of magnetic recording was given 
by S. J. Begun, Clevite-Brush Development 
Company, in which he traced the develop- 
ment of this type of recording from its incep- | 
tion to the high degree of fidelity and reli- 
ability which it has attained today. (See 
page 1115.) 


Color Television and International Broadcasting. 
Differential phase and gain distortion in 
color television systems results in a distortion 
of the transmitted colors. A test set, consist- 
ing of a portable transmitter and receiver 
combination, for measuring differential phase 
and gain was described by H. P. Kelly, Bell 
Telephone Laboratories, in the one technical 
paper of the session. (See p. 799, Sep- 
tember 1954.) 

E. D. Goodale, National Broadcasting 
Company, presented “Recording Color Tele- 
vision Programs” in which he reviewed mag- 
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method, the latter being the backbone of 
e industry. After a demonstration of films 


photographed with the new 3-gun camera 
ae he explained that most of the record- 


_ ings now are on 35-mm film, although 16-mm 
film has been used extensively. Six to eight 


hours daily are recorded with the ratio be- 
_ tween black-and-white recordings and color 


"being about 3 to 1. 


One of the most informative papers of the 


_ session was presented by George Jacobs, who 
4 wrote ‘“The Engineering Development of the 
. Voice of America” in conjunction with E. T. 
_ Martin and Julius Ross, all of the U. S. In- 


_ formation Service. 


The reasons relay sta- 


tions are needed in foreign countries is that 
_ the aurora zone (a circular area several hun- 


“4 
- 


dred miles in diameter with the magnetic 
north pole as center) prevents signals from 
broadcast stations in the United States from 


_ reaching those countries at which they are 


ms 


beamed. Recordings of examples of jam- 


ming the Voice of America signals were 


ea 


played to the audience after a description of 
the seventy-odd transmitters located in differ- 


ent parts of the world. 


The 1-megawatt long-wave radiobroad- 


cast station at Munich, Germany, was de- 


scribed by J. R. Hall and J. O. Weldon, 
Continental Electronics Manufacturing Com- 


_ pany, and Carl Smith, consultant radio engi- 


» neer. 


This Voice of America station uses a 


_ directional antenna so that it will not be 
overwhelmed and consists of two 500-kw 


transmitters, which can be put on the air 
separately or together, using a frequency of 
173 ke. 


Radio and Wire Communications. ‘Twelve tech- 
nical papers were given in condensed form in 
one of the final sessions. For the most part 
these covered military carrier telephone sys- 
tems and multichannel telegraph and radio 
telephone systems with descriptions of the 
circuits and equipment. 


Air Transportation. At the eight sessions ar- 
ranged by the Committee on Air Transpor- 
tation 17 technical and the same number of 
conference papers were presented. These 
ranged in subject matter from considerations 
of the problems of aircraft rotating machinery 
and its testing, air turbine drives, use of ana- 
logues in jet engine control development, 
omnirange system for terminal navigation, 
to the ever-present question of reliability of 
components of all types. 


Visual Output Devices. ‘Two sessions were de- 
voted to this subject with four conference 
papers given in the first one on printers and 
plotters, and four on displays and applications 
in the second. ‘Two papers were given on 
X-Y recorders covering their history and de- 
velopment; another on a new technique of 
binary addition; and others were about the 
Charactron as a computer read-out device, 
automatic data transfer and display boards, 
and an aircraft position and identification 


display. 


| First Petroleum Industry Conference 


; 
: 


“Acclaimed Success at Tulsa, Oklahoma 


An outstandingly successful 3-day tech- 
nical conference of the new Petroleum In- 


dustry Committee was held September 


27-29, 1954, with the Tulsa and Oklahoma 
City Sections as host. Three hundred 
eighty-nine engineers from 22 states and 
Canada attended this First Petroleum 
Industry Conference at the Mayo Hotel, 
Tulsa, Okla. It was acclaimed by all as 
filling a vital need in advancing further the 
art of electrical engineering through tech- 
nical presentations and discussions of elec- 
trical technology and applications. Of 
19 technical papers presented, one has al- 
ready been accorded “Transactions status,” 
and it is expected that others will be ele- 
vated to this status upon recommendations 
from the committee. Seven papers were on 
pipe-line subjects, six on applications in pro- 
duction of oil and gas, four on refining 
applications, and two were of general in- 
terest. 

AIEE President A. C. Monteith, who spoke 
at the conference banquet, launched the 
committee into a new era of expanding 
activities and accomplishment. He said: 

“Each of us in the electrical industry 
cannot help but feel proud of the part that 
electrical energy and electrical equipment has 
played in the petroleum industry as an im- 
portant bulwark in the nation’s defense and 
a cornerstone in our economy. We are 
undergoing an historic transition from a 
minerals-surplus to a minerals-deficient 
nation. It is apparent, then, that especially 


DECEMBER 1954 


in oil producing and refining operations, 
every effort must be directed to securing the 
best possible return from remaining re- 
sources.” 

He pointed out that oil demand in the 
U. S. is expected to increase from 7-10 million 
barrels daily in the next ten years, and use 
of electric power will play a large part in 
satisfaction of this demand. He estimated 
that use of electric power by the petroleum 
industry would increase from 14.8 billion 
kilowatt-hours of electric energy used in 


J. Z. Linsenmeyer, 
chairman, Petro- 
leum Industry 
Committee, pre- 
sents framed AIEE 
‘Fellow Grade’’ 
certificate to W. H. 
Stueve (right). 
Mr. Stueve’s pro- 
fessional record 
appears on page : 
1133 in this issue ) 
of “Electrical Engi- 
neering,’’ under 
the ‘‘AIEE Fellows 
Elected’’ heading 
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1953, to 21.5 billion kilowatt-hours by 
1963. ; 
The electrical engineer was credited by 
President Monteith with much of the petro- 
leum industry’s technical advancement. 
Besides the acknowledged fields of electrical 
application by the petroleum industry, three 
future fields of expanding importance were 
singled out: lighting, to insure 24-hour 
operation safely; communication, which 
provides for remote operation and control; 
and electrically operated computers. Re- 
garding computers, he said, ‘““These electrical 
wizards are saving untold numbers of man 
hours spent in tedious calculations. In the 
future, computers will be integrated with 
complex process controls to provide com- 
pletely automatic operation. To sum it 
up, the electrical engineer must not only 
think, act, and dream in terms of electrical 
things in his adopted industry, but of econom- 
ics and progress on a broad plane.” 

Major A. N. Horne, vice-president, Texas- 
Empire Pipe Line Company, Tulsa, delivered 
the keynote address at the conference open- 
ing. In response to the welcome address by 
Tulsa’s mayor, L. C. Clark, he urged a 
““srowing up” for electrical engineers. He 
emphasized that engineers must be con- 
sidered a part of management. In this new 
function they must learn to talk the language 
of management and present problems for 
decision in language readily understood by 
management. Co-ordination with other pro- 
fessional engineers also was urged by the 
speaker. 

“The present use and application of 
electric power by no means is perfect. An 
electrical engineer should know as much as 
possible about basic services of engineering 
in order that he might be better in his own.” 
In the transition from a manual status to that 
of management, he said the electrical en- 
gineer is in a unique position to aid the use 
and application of electricity as our ever- 
growing servant. 

Oklahoma Governor Johnston Murray 
was speaker at a luncheon held jointly with 
The Engineers Club of Tulsa. He advised 
engineers to be vigilant to retain the rights 
and liberties of all free peoples. ‘‘We need 
your technical advice for the continued 
progress of the nation and Oklahoma, and 
your intelligence for the safe-keeping of those 
rights and liberties insuring this progress.” 

Conference Chairman W. H. Stueve was 
accorded an unusual honor at the banquet. 
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Simultaneous presentations of award of 
‘*Fellow”’ were made to him by both the AIEE 
and The American Society of Mechanical 
Engineers (ASME). This makes him the 
only person in the Southwest who is a Fellow 
of both organizations. His election to 
“Fellow” in ASME actually took place in 
1947, but a personal presentation was not 
made until this conference. He was chief 
electrical engineer during construction of 
the ‘‘Big Inch” pipe-line from Beaumont, 
Tex., to New Jersey during World War II, 
and has been called the “‘father of the use of 
electric power in the petroleum industry.” 
Mr. Stueve told the conference audience that 
this First Electrical Conference of the 
Petroleum Industry was his pet dream for 
years. He was overjoyed with the en- 
thusiastic response and delighted with the 
large attendance. In expressing his thanks 
for the dual honors, he said confidently 
that AIEE would serve the needs of the in- 
dustry and grow with the electrical en- 
gineers through the Petroleum Industry 
Committee’s expanding activities. Mr. 
Stueve’s award was made by J. Z. Linsen- 
meyer, committee chairman. Mr. Linsen- 
meyer acted as master of ceremonies at the 
banquet. He is with Westinghouse Electric 
Corporation’s Industry Applications Divi- 
sion. 

R. F. Danner, AIEE Director, and super- 
intendent of engineering and _ construc- 
tion for Oklahoma Gas and Electric Com- 
pany, introduced President Monteith. He 
stressed that President Monteith’s presence 
signified intense interest on the part of the 
Institute in its growth as the agency to 
represent and serve electrical engineers in 
the petroleum industry. He urged con- 
ference delegates to nurture and support the 
new committee as the agency for inter- 
change of electrical technology and “‘know 
how” in co-operation with paralleling groups, 
such as the American Petroleum Institute 
and the Petroleum Division of the ASME, so 
that the full stature of the electrical engineer 
within the petroleum industry may be 
realized. 

The banquet ended on a note of levity 
when President Monteith was presented 
with a scroll signed by Governor Murray. It 
was affixed with the great seal of the State 
of Oklahoma which proclaimed that “A. C. 
Monteith was hereby commissioned as 
Commodore in the Oklahoma Navy.” To 
prove it, Mr. Linsenmeyer presented him 
with a commodore’s cap decorated in gold 
braid and encrusted with gold ornament. 

On the third day of the conference, Mr. 
Linsenmeyer announced the formation of 
three subcommittees. Head of the Pro- 
duction Subcommittee is J. R. Ashley, 
Magnolia Pipe Line Company, Dallas, ‘Tex. ; 
chairman of the Transportation Subcom- 
mittee is R. S. Cannon of Plantation Pipe 
Line Company, Atlanta, Ga.; and chairman 
of the Refining Subcommittee is W. H. 
Dickinson of Standard Oil Development 
Company, Linden, N. J. Tentative dates 
set for the next conference are September 
13-15, 1955, at Houston, Tex., with Dallas 
as the alternate city. 

Because of the demand for copies of the 
papers, consideration is being given to re- 
printing all the papers in one volume. This 
would be made available through head- 
quarters at nominal cost. Notice of avail- 
ability will be published in Electrical 
Engineering within a few months. 
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President A. C. Monteith is shown addressing the First Electrical Conference of the 
Petroleum Industry in Tulsa, Okla., September 28. At the speakers’ table are: (left to. 
right) Professor D. L. Johnson, AIEE Student Branch Counselor, Oklahoma Agricultural 
and Mechanical College, and chairman of student participation; M. C. Callahan, chair- 
man, registration and hotel arrangements; J. H. Heller, chairman, Tulsa Section; R. Ja 
Thompson, past chairman, Oklahoma City Section, and member-at-large for conference; 
V. J. Sittel, vice-chairman, Petroleum Industry Committee, vice-chairman of the con-- 
ference; President Monteith; J. Z. Linsenmeyer, chairman, Petroleum Industry Com-- 
mittee; W.H. Stueve, conference chairman; R.S. Gardner, assistant secretary, technical} 
activities, AIEE Headquarters; A. N. Horne, keynote speaker; A. H. Newberg, member, , 
Executive Committee, Petroleum Division of The American Society of Mechanical Engi-- 
neers; W. F. Hildebrand, chairman, finance and budget for conference; H. M. Furtney,, 


chairman, regional publicity for conference 


Annual AIEFE Prizesin Various Classifications 


The following is a reminder of the awards which are available each year in each 


classification: 


1. Institute 


Class 


(a). Each Division 
Communication 
General Applications 
Industry 
Power 
Science and Electronics 

(6). Paper outside Division 
jurisdiction 

(c). Best Student paper 


District 


Class 
(2). Best paper, any class 
(6). Best paper presented by 
undergraduate Student 
member in District 
competition 


Section 


First Prize 
$100 and certificate 


$100 and certificate 


$100 and certificate 


First Prize 


$75 and certificate 
$25 and certificate 


Additional Prize 


Certificate (In special cases addi- 
tional certificates may be 
awarded at the discretion of 
the Committee on Prize Awards 
for Institute papers.) 


None 


Certificate 


Additional Prize 


$50 and certificate 
Certificate 


$100 to be divided at the discretion of the Section, with a maximum of $50 for any one prize, and certi- 


ficate for each winner. 


Branch (Undergraduate) 


Class 
(a). Best paper 


First Prize 


$10 and certificate plus an 
allowance of 13 cents per 
mile one way for 800 miles 
or less and 10 cents per mile 
one way for remaining 
distance to the District Stu- 
dent prize paper competi- 
tion 


Additional Prize 
Certificate 


The complete rules for the award of prizes for AIEE technical papers appear in the 
September 1954 issue of Electrical Engineering (pages 825-6). 
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_A regular meeting of the AIEE Board of 
Directors was held in the Morrison Hotel, 
Chicago, IIl., on October 14, 1954, 


BOARD OF EXAMINERS 


_ Recommendations adopted by the Board 
of Examiners at its meeting held on Septem- 
ber 16, 1954, were reported and approved, 
including the following: 115 applicants 
transferred, 10 elected, and 4 re-elected to the 
grade of Member; 5 applicants transferred, 
248 elected, and 25 re-elected to the grade of 
Associate Member; 55 applicants elected to 
ae grade of Affiliate; 48 Student members 
nrolled. 
_ The Board of Examiners submitted three 
proposals for transfer to the grade of Fellow 
ith a favorable recommendation and a rec- 
mmended citation in each case. The 
Board of Directors voted to invite the three 
‘Members to be transferred to the grade of 
Fellow, as follows: 


= 

“Mr. Bell Alexander Cogbill, development engineer; 

4 General Electric Company, Pittsfield, Mass. 

Mr. Elmer Francis De Turk, electrical engineer, Long 

_ Island Lighting Company, Mineola, N. Y. 

- 

“Mr. Laszlo Istvan Komives, assistant general super- 
intendent, Underground Lines Department, The 


< Detroit Edison Company, Detroit, Mich. 
7 


_ More informationr egarding the aforemen- 
tioned individuals will appear in Electrical 
Engineering in the department ‘“AIEE 
Fellows Elected” in a subsequent issue. 


4 FINANCES 


Walter J. Barrett, AIEE Treasurer, sub- 
‘mitted a report for the first five months of the 
fiscal year, beginning May 1, 1954, and end- 
‘ing September 30, 1954, which was accepted 
by the Board. 

Chairman C. S. Purnell of the Finance 
Committee reported disbursements from 
general funds as follows: August—$80,- 
604.87; September—$74,016.43. The re- 
port was approved. 

A budget for the appropriation year end- 
ing September 30, 1954, as recommended by 
the Finance Committee, was submitted by 
Chairman Purnell, and was adopted by the 
Board. 


ACTIONS AND APPOINTMENTS 


Upon recommendation of the Committee 
on Planning and Co-ordination, the Board of 
Directors authorized the holding of a North 
Eastern District No. 1 Meeting in Pittsfield, 
Mass., May 1-3, 1957. 

The Sections Committee recommended 
and the Board approved the establishment of 
the Savannah Section, from the Savannah 
Subsection of the Georgia Section. 

Members of the Board of Directors were 
selected as members and alternates to repre- 
sent the Board on the AIEE Nominating 
Committee, as follows: 

_ Members: D. I. Cone, D. D. Ewing, E. S. 
Lammers, J. P. Neubauer, E. W. Seeger. 

Alternates: G. J. Crowdes, J. H. Foote, 
A. C. Muir. 

The Board voted to accept the invitation 
to join the International Science Foundation 
as a participating member in the National 
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Science Foundation for a period of one year 
without financial obligation. 

A feature of this meeting of the Board of 
Directors was a luncheon talk by Leo E. 
Brown, director of public relations for the 
American Medical Association (AMA). 
Mr. Brown outlined for the Board the organ- 
ization and policies of AMA and answered 
many questions about the society. 

The Board accepted the invitation of the 
Society of the American Military Engineers 
to serve as one of the co-operating agencies in 
its Midwest Conference of February 10 and 
11, 1955, and to call the attention of the 
organization to the fact that AIEE is a mem- 
ber of Engineers Joint Council and a partici- 
pant in the Engineering Manpower Com- 
mission of that Council, and is of the opinion 
that the Engineering Manpower Commission 
could contribute materially to the success of 
the conference. 


The question came up as to the feasibility 
of reporting back to the Sections on the ac- 
tions of the Board of Examiners in rejecting 
applications for membership or transfer. 
The President explained that the policy of the 
Institute, in this respect, is to inform the 
Section of such action only when the appli- 
cation is submitted through the Section mem- 
bership or transfers committees. 

The next meeting of the Board of Directors 
will be held on February 3, 1955, during the 
Winter General Meeting in New York, 
January 31—February 4, 1955. 


ATTENDANCE 


Present at the meeting were: President 
A. C. Monteith; Past President Elgin B. 
Robertson; Vice-Presidents C. P. Almon, Jr., 
A. S. Anderson, G. J. Crowdes, G. D. Floyd, 
Walter B. Morton, J. P. Neubauer, S. M. 
Sharp, C. M. Summers, G. C. Tenney; 
Directors F. R. Benedict, Donald I. Cone, 
R. F. Danner, D. D. Ewing, J. H. Foote, 
L. F. Hickernell, R. E. Kistler, E. S. Lam- 
mers, Jr., T. M. Linville, A. C. Muir, C. S. 
Purnell, E. W. Seeger; Treasurer Walter J. 
Barrett; Secretary N. S. Hibshman. 


Outstanding Middle Eastern District 
Meeting Held in Reading, Pa. 


The Middle Eastern District’s meeting at 
the Abraham Lincoln Hotel in Reading, Pa., 
October 5—7, 1954 was outstanding from the 
points of view of attendance, which was 905, 
the high quality of the papers, and the ex- 
cellent entertainment afforded members, 
their ladies, and guests. 

Following the theme of the meeting, 
“Electric Power Supply and Utilization— 
Major Industries of the Pennsylvania Dutch 
Country,’ 20 sessions were conducted on 
power, transmission and distribution, sub- 
stations, plant safety, and relays—with 
special attention directed toward sessions on 
mining and quarrying, steel, textiles, and 
general industrial subjects. 

The General Session on Tuesday was re- 
ported in November Llectrical Engineering, 
page 1030. For Mr. W. V. O’Brien’s ad- 
dress, see page 1062 of this issue. 

On the second day of the meeting, AIEE 
President A. C. Monteith addressed a stud- 
ents’ luncheon attended by more than 200 
men from engineering colleges in the Dis- 
trict. 

In his address, President Monteith 
emphasized that corporations of all sizes were 
searching constantly for young engineers of 
managerial calibre. After speaking about 
the characteristics they should cultivate, 
such as loyalty, determination, willingness to 
accept responsibility, etc., Mr. Monteith said 
the biggest question to.which a man had to 
find an answer was: Did he want an op- 
portunity to progress, or job security? 
Engineers should choose the former, he said, 
for early in his career, he is really working for 
himself and should accept all challenges. 
Education is a journey and not a destination; 
it must be continued after starting to work. 
Advice from superiors in a company should be 
followed and, if available, a managerial course 
should be taken. The young engineer 
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should identify himself with his community 
life and assume responsibility in government. 


SOCIAL ACTIVITIES 


On Tuesday evening, there was a Fer- 
sommling—a Pennsylvania Dutch smorgas- 
bord—enjoyed by members and their guests. 
They were entertained by a group of local 
hoe-down dancers. After the banquet held 
the next evening, entertainment was fur- 
nished by the ‘“‘Textilaires,”’ a choral group, 
followed by dancing. 

A special ladies’ program was provided 
including visits to Berkshire Knitting Mills 
and to Hershey, Pa. 


TECHNICAL SESSIONS 


One of the sessions of local interest was 
that devoted to mining and quarrying. 
Three of the four conference papers were con- 
cerned with the development and problems 
encountered in the nearby zinc, limestone, 
and iron mines; the fourth paper was de- 
voted to the design of the electric equip- 
ment at Grace Mine. 

Six conference papers on textiles occupied 
two sessions. The first three papers dealt 
with the knitting of ladies’ stockings and the 
drives of the knitting machinery. These 
must be variable because of the different 
speeds at which parts of the stockings are knit. 
Instead of using two drives, one all-electronic 
and one with an electronically controlled mo- 
tor-generator set, the latest has an amplistat 
regulated-speed variator with no electron 
tubes. ‘The other three textile papers were 
about other types of machine drives. 

In the field of communication and tele- 
vision, four conference papers were given. 
Dr. W. J. Pietenpol, Bell Telephone Labora- 
tories, told about new transistors, which have 
functioned in the 500-mc region, and which 
have a theoretical top of 3,000 mc. Tests 
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Meeting 


Middle Eastern District Meeting 


Reading, Pa., October 1954 


Highlights | 
| 
| 


Picture at top left: (left to right) AIEE President A. C. Monteith; F. H. Lichtenwalter, former managing director of the Pennsylvania) 
Electric Association who was luncheon speaker at the General Session; and W. B. Morton, vice-president of the Middle Eastern District.. 
Center photo: AIEE Secretary N. S. Hibshman greets one of the Institute’s oldest members, Taylor Reed, 87, of Reedsville, Pa. Mr., 
Reed, who joined AIEE in 1911, drove more than 100 miles to attend the meeting. He has taught at Princeton and was with General 
Electric Laboratories in Schenectady. Attop right: the Executive Committee Meeting held October 4 in the Berkshire Hotel’s Wal— 
nut Room. Left to right: E. C. Cubbe, chairman, District Committee on Student Activities, A. C. Monteith, AIEE President; N. H.. 
Sheppard, District representative, Sections Committee; W. B. Morton, District vice-president; L. L. Nonemaker, District secretary.. 
Scene at bottom left: Hotel Abraham Lincoln Lobby where members bought papers, met friends, and lounged. Center bottom picture:: 
The Ladies’ Tea took place in the Hotel Abraham Lincoln’s English Lounge, October 4. Pouring tea is Mrs. M. F. Rosol. Co-chair-: 
women of tea were Mrs. Rosol and Mrs. George Early. Bottom right: The Students’ Lunch took place October 6, in the Abraham Lin- 
coln Hotel’s ballroom. Total student registration was 117. At head table are D. L. Green, Lehigh Valley Section chairman; W. B. Mor- 
ton, District vice-president and General Committee chairman; President A. C. Monteith, main speaker; F. W. Smith, chairman Student! 
Committee; C. T. Pearce, District vice-presidential nominee; R. E. Neidig, General Committee vice-chairman; L. L. Nonemaker, Dis-: 


trict secretary; and F. S. Fehr, Registration Committee chairman 


have been run in card translators, digital 
computers, and in rural carrier work. The 
rates of failure of hundreds of transistors have 
been only a small fraction of 1 per cent per 
hour. ‘This shows that reliability is steadily 
increasing. F. H. Bower, Western Electric 
Company, described the ‘‘zone”’ process used 
in the refining of germanium for transistors. 
The economic factors involved in the design 
of an ultrahigh-frequency television trans- 
mitter were dealt with by L. W. Haeseler, 
Radio Corporation of America, in describing 
the. 12.5-kw station at WBRE-TV, Wilkes 
Barre, Pa. The principles underlying color 
television were demonstrated by C. N. 
Hoyler, RCA Laboratories. 

Although presented in a session on power, a 
description of a power-plant communication 
system was given by A. R. Royle, Gai- 
Tronics Corporation. This system can be 
used in paging or as an ordinary intraplant 
telephone. It is so designed that no sound- 
reducing booths are needed. 

Three sessions were given over to power 
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problems at which 13 papers were presented. 
Of local interest was the description of the 
new Martins Creek steam electric station 
of the Pennsylvania Power and Light Com- 
pany, and another paper by W. B. Morton of 
the same company concerning field-welded 
generator lead housings. Two _ related 
papers on all-steel station grounding network 
and the impedance and induced voltage 
measurements were given by S. J. Litrides 
and W. F. Mackenzie, respectively. 

The ultrasonic flowmeter was described in 
a paper by R. C. Swengel, W. B. Hess, and 
S. K. Waldorf and was demonstrated by the 
use of a flow of air instead of a liquid. 
(See page 1082 of this issue. ) 

Seven conference papers were given in two 
sessions on industrial applications. Subjects 
covered in the first session were oil-cooled 
d-c magnets, heat pump design for an office 
building, and transverse flux induction heat- 
ing. The development of fluorescent lamps 
was traced by Dr. E. F. Lowry, Sylvania 
Electric Products, Inc. He said there has 
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been an increase in the efficiency of luminous 
lamps in the past eight years: the efficiency: 
of the 8-foot 1.5-inch tube is better than: 70) 
per cent. Phosphors also have been im- 
proved, as has the life from 4,000 hours to 
7,500 hours in 1953. Another paper which 
proved of interest was the description by A. 
Zack and J. C. Heffernan of Sylvania, on the 
automatic method of producing wafer coils 
for small power transformers. This is done 
by winding wide strips of metal foil and thin 
insulation on a form and then cutting the roll 
into appropriate widths to form the coil. A 
moving picture of the laying of the pipe line 
across the Straits of Mackinac (“The Deep 
Inch’’) concluded the second session. 

Two sessions on the steel industry were 
held in which different types of electric 
furnaces and their operation were de- 
scribed, On the final meeting day 
two sessions on substations were held, and 
also sessions on management, relays, and 
carrier current, and problems in the genera- 
tion of electric power by nuclear energy. 


ELECTRICAL ENGINEERING 


_ The fourth meeting of the Conference on 
_ High-Frequency Measurements will be held 
_ January 17-19, 1955, in Washington, D. C. 
_ Headquarters for the conference will be the 
Hotel Statler. All sessions will be held in the 
- Department of the Interior Auditorium. 
__ This meeting, which has become a biennial 
affair, presents the latest advances in the art 
; of radio measurements. The 1955 meeting 
_ will be sponsored by AIEE, the Institute of 
Radio Engineers, the International Scien- 
_ tific Radio Engineers, the International Sci- 
q entific Radio Union, and the National 
_, Bureau of Standards. The conference pro- 
_ gram follows: 


ment of Transmission and Reception 


4 
“a 

<a 

4 Monday, January 17 

4 9:30a.m. Registration, Hotel Statler 

_ 1:30 p.m. Technical Session I. Measure- 


Presiding: 
_ _Company 


B. Parzen, Olympic Radio & Television 


Measurements and Components for Rectangular 
Multimode Waveguides. D. J. Angelakos, University 
of California 


__ A Comparison Method for Tuning Wideband Trans- 
mitting Tubes. H. H. Rickert, Wheeler Laboratories, 

& Inc. 

_ Radio Interference Measurement Techniques. L. W. 

Thomas, Bureau of Ships, Navy Department 


Pattern Measurements of Large Fixed Antennas. 
J. P. Shanklin, Collins Radio Company 


_ Accurate Radar Attentuation Measurements Achieved 
by In-Flight Calibration. F. J. Janza, R. E. West, 
Sandia Corporation 


To 


Use of Distribution Curves in Evaluating Microwave 
Path Clearance. B. F. Wheeler, H. R. Mathwich, RCA 
Electronic Products Division 


Tuesday, January 18 


9:30 a.m. Technical Session II. Measure- 
ment of Power and Attenuation 


Presiding: E. W. Houghton, Bell Telephone Labora- 


tories 


6-Kmc Sweep Oscillator. D, A. Alsber, Bell Tele- 
phone Laboratories 


Data on Temperature Dependence of X-Band 
Fluorescent Lamp Noise Sources. W. W. Mumford, 
R. L, Schafersman, Bell Telephone Laboratories 


Broadband UHF and VHF Noise Generators. W. H. 
Spencer, P. D, Strum, Airborne Instruments Laboratory 


A Noise Meter Having Large Dynamic Range. P. D. 
Strum, Airborne Instruments Laboratory 


Precise Insertion Loss Measurements Using Imper- 
fect Square Law Detectors and Accuracy Limitations 
Due to Noise. B. O. Weinschel, Weinschel Engineering 
Company 

Microwave Peak Power Measurement Techniques. 
R. E. Henning, Sperry Gyroscope Company 


12:15 p.m. Luncheon Hotel Statler* 


Presiding: R. V. Lowman, Chairman, Joint AIEE-IRE 
Committee on High Frequency Measurements 


Guest Speaker: The Honorable Donald A. Quarles, 
Assistant Secretary of Defense for Research and Develop- 
ment 


* $4.50 per person 


DECEMBER 1954 


High-F requency Measurements Conference 
To Be Held Next Month in Washington 


2:00 p.m. Inspection trip 


Chartered bussesleavefrom Hotel Statler for Bureau of 
Standards, Naval Observatory, Naval Ordnance Labora- 
tory, Naval Research Laboratory. (The Naval Ord- 
nance and Naval Research Laboratories are restricted to 
citizens of the U.S.A.) 


8:15 p.m. Demonstration Lectures, In- 
terior Department Auditorium 

This evening session 1s sponsored jointly by the Confer- 
ence Committee and the Washington Sections of the 
AIEE and IRE 

Presiding: 
Laboratory 


J. W. Kearney, Airborne Instruments 


Engineers Are People. 


G. H. Brown, Radio Corpora- 
tion of America ? 


An Excursion in Electronics, C. N. Hoyler, Radio Cor- 
poration of America 


Wednesday, January 19 


9:30 a.m. Technical Session III. 
urement of Impedance 


Meas- 


Presiding: A. A. Oliner, Polytechnic Institute of Brook- 
lyn 


Application of UHF Impedance Measuring Tech- 
niques in Biophysics. H. P. Schwan, University of 
Pennsylvania 


Representation and Measurement of a Dissipative 
Four-Pole by Means of a Modified Wheeler Network, 
H. M., Altschuler, Polytechnic Institute of Brooklyn 


The Use of Concentric-Line Transformers in UHF 
Measurements. W. A. Harris, J. J. Thompson, Radio 
Corporation of America 


Figure of Merit of Probes as Standing Wave Detec- 
tors. S. W. Rubin, Polytechnic Research and Develop- 
ment Corporation; M. Wind, Polytechnic Institute of 
Brooklyn 


Characteristics of Microwave Comparators. E. W. 


Matthews, Sperry Gyroscope Company 


A Comparison Method for Measuring Cavity Q. E£. B. 
Mullen, P. M. Pan, General Electric Company 


2:00 p.m. Technical Session IV. Meas- 
urement of Frequency and Time 


Presiding: B. M. Oliver, Hewlett-Packard Company 


A Portable Frequency Standard for Navigation. P. 
Antonucci, Rome Air Development Center; J. O. Israel, 
E. B, Mechling, F. G. Merrill, Bell Telephone Laboratories 


Locked Oscillators in Frequency Standards and Fre- 
quency Measurement. J. K. Clapp, General Radio 
Company 


Measurement of the R-F Frequency and R-F Pulses, 
A. Bagley, D. Hartke, Hewlett Packard Company 


An Instrument for Precision Range Measurements. 
D. H. Beck, Hazeltine Electronics Corporation 


6-KMC Phase Measurement System for Traveling 
Wave Tubes. C. F. Angustine, A. Slocum, Bell Telephone 
Laboratories 


A Precision X-Band Phase Shifter. 
Hewlett-Packard Company 


E. F, Barnett, 


AIEE Members Take Prominent Part in 
Twenty-Second Annual ECPD Meeting 


The Twenty-Second Annual Meeting of 
ECPD (Engineers? Council for Professional 
Development) was held in Cincinnati, Ohio, 
October 28-29, 1954, with headquarters in 
the Alms Hotel. The first day of the meeting 
was devoted to council business, meetings of 
the standing committees, presentation of 
reports, and election of officers. The second 
day of the meeting was devoted to a report of 
the Training Committee and panel discus- 
sions of the community project in profes- 
sional development, which has been so suc- 
cessful in Cincinnati, and is headed by Pro- 
fessor Cornelius Wandmacher, (ASCE), 
through the co-operation of the University of 
Cincinnati, the engineering societies, and the 
local industries. President A. C. Monteith 
led off with introductory remarks, and was 
followed by Ernest S. Fields, chairman of the 
Cincinnati sponsor group, and Walter A. 
Draper, president of the Herman Schneider 
Foundation. ‘The points of view of well- 
known educators, the participating societies, 
and the local industries were expressed by 
speakers who comprised the panels. In the 
afternoon, a session was held on present and 
projected community projects in professional 
development. It is of interest to note that 
James W. Parker, retired president of the 
Detroit Edison Company, was chairman of 
ECPD when the training program was 
initially launched and he was one of those 
who originally conceived the idea. 


ELECTION OF OFFICERS 


Colonel L. F. Grant was re-elected presi- 
dent; M. D. Hooven (AIEE) was elected vice- 
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president, and serves as vice-president of the 
Executive Committee and chairman of the 
Finance Committee. The office of chairman 
and vice-chairman was changed to the more 
appropriate title of president and vice-presi- 
dent. D.D. Ewing (AIEE) was reappointed 
to the council. S. L. Tyler (AIChE) was 
elected secretary of the council and he will 
also serve as secretary of the Education Com- 
mittee. He is admirably equipped to serve 
this Committee because of his long experience 
with accrediting. AIChE was the original 
pioneer in accrediting of chemical engineer- 
ing curricula before ECPD was organized. 
The following AIEE members were elected: 


Guidance Committee 

S. Paul Shackleton, chairman. 

M. S. Coover, W. R. Grogan, and J. H. 
Lampe. 
Education Committee 


Harold L. Hazen, chairman. 
E. C. Easton, W. L. Everitt, and J. C. 
Calvert. 


Student Development Committee 
Lee H. Hill and W. J. Seeley. 


Training Committee 


J. H. Foote and Guy Kleis. 


Recognition Committee 
R. T. Warner, chairman. 
G. H. O’Sullivan and R. W. Sorensen. 
ANNUAL DINNER 


The feature of the annual dinner was an 
address, ““The National Manpower Outlook 
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From the Point of View of the Professions” by 
James H. Taylor, Assistant Director for 
Manpower, Office of Defense Mobilization, 
and director of industrial relations, ‘The Proc- 
tor and Gamble Company. Greetings were 
expressed by Dr. Raymond Walters, presi- 
dent, University of Cincinnati. Three past 
chairmen of the council, Everett S. Lee 
(AIEE), James W. Parker, and Harry S. 
Rogers were present, as well as the presidents 
of constituent societies or their representa- 
tives. M.D. Hooven presided and a resolu- 
tion of thanks and appreciation to all those 
concerned with the community project in 
Cincinnati, the sponsors, local sections, 
societies, and the university was read by F. J. 
Van Antwerpen. 

Engineers’ Council for Professional De- 
velopment (ECPD) was organized to enhance 
the professional status of the engineer through 
the co-operative efforts of the following na- 
tional organizations who are constituent 
members concerned with the professional, 
technical, educational, and legislative phases 
of engineers’ lives: American Society of 
Civil Engineers, American Institute of Min- 
ing and Metallurgical Engineers, American 
Society of Mechanical Engineers, American 
Institute of Electrical Engineers, Engineering 
Institute of Canada, American Society for 
Engineering Education, American Institute 
of Chemical Engineers, and the National 
Council of State Boards of Engineering 
Examiners. ECPD is best known for its 
work of accrediting technical curricula in 
the engineering colleges. Vice-President 
C. M. Summers, AIEE Great Lakes District, 
who attended the meeting, was so impressed 
with the work of ECPD and its program that 
he asked to serve on one of the committees. 


Golden Anniversary Is Celebrated 
By Eta Kappa Nu Association 


Approximately 300 Eta Kappa Nu mem- 
bers, including delegates from 65 colleges 
and alumni chapters, gathered at the Uni- 
versity of Illinois (Urbana) October 15 and 
16 to celebrate the electrical engineering 
honor society’s fiftieth anniversary. They 
were joined by 50 guests representing col- 


RELOCATED ABD REGEDIOATED 
AY FIFTIETH ARAIVERSARY, 
OCTOBER 16.1954 
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AEN 


Many AIEE members have served as president of Eta Kappa Nu Association. Past 
presidents who attended the assocation’s Golden Anniversary Meeting at the Univer- 
sity of Illinois (Urbana) last October are shown above. AIEE members are indicated by 


their AIEE membership status. 


Top row: 


(left to right) R. I. Wilkinson, AM 735; 


G. H. Kelley; F. E. Sanford, F ’46; N. S. Hibshman, AIEE Secretary, F ’41; A. A. Hofgren; 
G. P. Sawyer; O. H. Loynes, AM ’20; N. L. Best, AM ’46. Middle row: (left to right) 
W. E. Kock; D. G. Evans, M ’40; T. W. Williams, M ’52; L. A. Spangler; F. E. Brooks, 
F °48; H.S. Cocklin; F. E. Harrell, F ’40; F. X. Burke. Front row: (left to right) J. W. 
Weight, M ’26; O. W. Eshbach, F ’37; A. M. Buck, F ’23; E. S. Lee, past AIEE president 
and newly inducted eminent member of Eta Kappa Nu, F ’30; E. T. B. Gross, chairman 
of the Golden Anniversary Meeting, F ’48; J. E. Hobson, Eta Kappa Nu president, F 
748; A. B. Zerby, Eta Kappa Nu executive sectretary, AM ’38; E. B. Kurtz, F 729; 
Robin Beach, F 735 


lege and industrial interests in the electrical 
engineering profession. Eta Kappa Nu was 
founded at the University of Illinois on Octo- 
ber 28, 1904, for ‘‘closer co-operation amongst 
students and others in the electrical engineer- 
ing profession who, by their attainments in 
college or in engineering practice, manifest 
exceptional interest and marked ability.” 
Dr. W. L. Everitt, of the University of Illi- 
nois, was toastmaster at a banquet held on 
the second day of the convention, and Dr. 
J. E. Hobson, national president of the asso- 
ciation, was main speaker. Dr. Hobson 
described the shortage of scientific manpower 
in the free nations as opposed to the ad- 
vances made in countries under Soviet domi- 


Admiring Eta Kappa 
Nu’s Silver Anniver- 
sary Plaque are: (left 
to right) E. B. Paine, 
professor emeritus, 
electrical engineering, 
University of Illinois; 
E,. S. Lee, ATEE and 
Eta Kappa Nu past 
president; W. T. Bur- 
nett, a founder of Eta 
Kappa Nu; Dr. S. R. 
Warren, Eta Kappa 
Nu’s national vice- 
president. The plaque 
was relocated and re- 
dedicated during the 
Golden Anniversary 
Meeting 
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nation. In his address Dr. Hobson said: 

*“As we scan our technical resources in 
terms of people, we are confronted with dis- 
quieting statistics. To be blunt, we are losing 
ground badly. ‘There is, furthermore, no 
prospect of catching up in the immediate 
future. Available figures are straightforward 
in support of that alarming view. In this 
country, we are now replenishing our tech- 
nical manpower reservoir at the rate of less 
than 20,000 yearly. That is a record low for 
recent years, continuing a steady decline 
from a peak of 52,000 in 1950. 

“The output of the technical schools can 
be expected to rise to about 34,000 in another 
three years. That is a happy trend, but not 
happy enough. Russia is currently produc- 
ing about 50,000 trained men and women 
annually. The unfavorable ratio, now two. 
and a half to one, is growing, and we may 
soon find ourselves hopelessly outstripped.” 

Dr. Hobson said the best-founded esti- 
mates are that the present number of re- 
search scientists and engineers in Russia is 
already approximately equal to the number 
in our country—some 250,000 to 300,000. 

A highlight of the meeting was the rededi- 
cation of a silver anniversary memorial 
plaque, transferred to a location near the 
new Electrical Engineering Building. At 
this rededication, brief talks were given by 
Ellery B. Paine, professor and chairman 
of electrical engineering at Urbana for many 
years and now professor emeritus; Everett S. 
Lee, past president of AIEE and Eta Kappa 
Nu, and University of Illinois alumnus; 
William T. Burnett, one of the association’s 
founders whose name appears on the silver 
anniversary plaque; and Dr. S. Reid War- 
ren, national vice-president of Eta Kappa 
Nu. Messrs. Lee and Paine, as well as Dr. 
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executive secretary. 
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A, A. Potter of Purdue University, were in- 
ducted as eminent members. 

Among those participating in the Golden 
Anniversary Meeting were many of the honor 
society’s past presidents and national officers, 
including Dr. Eric T. B. Gross, chairman of 
the General Meeting Committee and imme- 
diate past president; and Alton B. Zerby, 
Welcome addresses 
were given by Donald J. Heid, president of 
the student chapter at the University of Illi- 


-nois, and Dr. E. C. Jordan, professor and 


chairman of electrical engineering at the 
University. Local convention arrangements 
were in the hands of Professor D. S. Babb. 


Three Trips Made in One Day by 
ATEE-IRE Missouri Mines Branch 


On October 9, more than 55 members of 
the AIEE-IRE Missouri School of Mines 
Joint Student Branch left Rolla for the first 
field trip of the school year. 

First stop was the Missouri State Highway 
Patrol Communication Center at Jefferson 
City. Then the group visited the University 
of Missouri’s television station, KOMU-TV, 
near Columbia. 

On the return trip to Rolla, they stopped at 
the American Telephone and Telegraph 
Company’s radio relay tower near Holt 
Summit, and were given a guided tour 
through the facilities. 

Two days prior to this trip, on October 7, 
the regular business meeting was held with 
more than 85 students in attendance. An 
address was given by B. J. George, power 
consultant for Kansas City Power and Light 
Company. Mr. George’s subject was “A 
Wider Horizon for Engineers.” 

Other plans have already been made for 
programs through the month of February. 


AIEE Machine Tool Conference 
Held in Detroit Oct. 25-27 


Eight papers on automation, preventative 
maintenance, electronic controls, and a panel 
discussion on electric clutches were featured 
at the seventh annual AIEE Special Con- 
ference on Machine Tools at the Statler 
Hotel, Detroit, Mich., October 25-27. AIEE’s 
Subcommittee on Machine Tools and the 
Detroit Section were sponsors. 

Kurt O. Tech, of the Cross Company, 
Detroit, was general chairman, and R. E. 
Stroppel, of the Tool Steel Gear and Pinion 
Company, Cincinnati, Ohio, was vice- 
chairman. 

At a banquet Monday, October 25, Dr. 
Kenneth McFarland, educational consultant 
to General Motors Corporation, was speaker. 
Dr. Henry J. Gomberg addressed an informal 
luncheon on Tuesday. Dr. Gomberg is 
assistant director, Michigan Memorial—Phoe- 
nix Project on Peacetime Applications and 
Implications of Atomic Energy. 

Four papers on automation were presented 
at the Monday, October 25, session. E. E. 
Opel, of the National Automatic Tool Com- 
pany, presided. The papers were: ‘“Auto- 
mation Today,” P. H. Alspach, General 
Electric Company; ‘Standard Automation 
and Inspection of Equipment,” by M. M. 
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Program Features Travelogues 


Lynn Section’s 


Officers of the Lynn Section, Mass., have planned an interesting program for this year: 
an imaginary trip to India, a tale of the lost Incas of Peru, a Burton Holmes travelogue of 
Australia and New Zealand, and a journey through Brazil. These travelogues, plus 
twelve science lectures and four inspection trips, will make this season’s program one of 
the finest ever offered by the Section. Seated, left to right: J. R. Macintyre, Section 
chairman; E. K. Rohr, past chairman. Standing, left to right: F.O. MacFee, Jr., secre- 
tary-treasurer; S. W. Stawicki, vice-chairman; D. M. Longenecker, assistant secretary- 
treasurer 


More than 200 engineers heard Mr. Wernor R. Streuli, Brown Boveri and Company, 
Baden, Switzerland, discuss power distribution of a typical Switzerland utility at a recent 
dinner meeting of AIEE’s Michigan Section. Shown in the above photo are (left to right): 
H. R. Armstrong, Section secretary-treasurer; J. H. Foote, AIEE Director; F. Von Voigt- 
lander, Section vice-chairman; Speaker Streuli; and J. J. Carey, Section chairman 
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Arlin, Arlin Products; ‘“‘Automation Main- 
tenance,”” Norman K. Conrad, Ford Motor 
Company; and “Trends in Automation,” 
Ralph E. Cross, the Cross Company. 

F. L. Fisher, the Allen-Bradley Company, 
presided at the Tuesday afternoon session, at 
which the following papers were presented: 
“Techniques in Failure Prevention,” J. H. 
Hosmer, Allis-Chalmers Manufacturing 
Company; ‘A Preventative Maintenance 
System and Its Execution,” L. P. Randall, 
Turnstedt Division, General Motors Corpora- 
tion; ‘‘Record Playback Control of Hypro 
Skin Mill,” H. E. Ankeney, Giddings and 
Lewis Machine Tool Company, and John L. 
Dutcher, General Electric Company. 

Presiding over the Wednesday morning 
session was E. L. Behringer of the Micromatic 
Hone Corporation. Papers featured were: 
“Increasing Reliability of Industrial Elec- 
tronic Controls,” A. V. Wise and J. W. 
Picking, Reliance Electric and Engineering 
Company. There was also a panel discus- 
sion on electric clutches. Panel members 
were H. B. Stallings, I-T-E Circuit Breaker 
Company; John B. Brown, Jr., Warner Elec- 
tric Brake and Clutch Company, and W. G. 
Martin, Vickers Electric Company. 

In addition to the technical program, 
inspection trips were made to plants of the 
Ford Motor Company, the U. S. Rubber 
Company, Excella Corporation, and the 
Detroit Transmission Division of General 
Motors Company, and to the Henry Ford 
Museum and Greenfield Village. 


G. E. Herrmann Succeeds Norris 
as Office Manager for AIEE 


George E. Herrmann, formerly chief ac- 
countant and assistant office manager of the 
American Institute of Mining and Metal- 
lurgical Engineers (AIME), has been ap- 
pointed Office Manager of the AIEE to 
succeed F. A. Norris who retired recently 
after 50 years of service (EE, Nov °54, p. 
7037). His appointment became effective 
on November 1, 1954. 

Mr. Herrmann, who resides in Bellmore, 
N. Y., was graduated from the Pace Institute 
in 1939. He was employed by the National 
City Bank of New York as a bookkeeper from 
1935 until 1939 when he joined Pan Amer- 
ican—Grace Airways for whom he worked as 
chief accountant in their New York, N. Y., 
office and assistant chief accountant in their 
Lima, Peru, office. 

In his capacity as chief accountant and as- 
sistant business manager for the AIME, 


G. E. Herrmann 
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with whom he became affiliated in 1951, Mr. 
Herrmann inaugurated several new proce- 
dures and improved various accounting 
methods, including the institution of a com- 
pletely new basis of recording of income and 
expenses. He also instituted the “‘Quarterly 
Investment Report of Endowment and 
Custodian Funds.” 


1955 AIEE-IRE Conference 
Planned on Transistor Circuits 


The Science and Electronics Division of 
AIEE, the Institute of Radio Engineers’ Pro- 
fessional Group on Circuit Theory, and the 
University of Pennsylvania are jointly 
sponsoring a Conference on Transistor 
Circuits, to be held on Thursday and Friday, 
February 17 and 18, 1955, at the University 
of Pennsylvania in Philadelphia. 

Rapid strides have been made in the 
transistor art since the last circuits con- 
ference held in Philadelphia early this year, 
and the 1955 conference will attempt to 
cover this broad advance. Papers dealing 
with current trends in both linear and pulse 
circuit techniques as they affect various fields 
of application will be included. As in the 
past, the conference is designed to appeal 
primarily to engineers working actively with 
transistor circuits. 

Registration material for the conference 
will be ready for mailing early in January, 
and details of the registration procedure will 
be announced at that time. 


Tau Beta Pi Convention 
Held In October 


Tau Beta Pi’s 49th national convention 
was held at Iowa State College (Ames) from 
October 21-23. Official host was the Iowa 
Alpha chapter at the college, and all 96 
collegiate chapters were represented. Tau 
Beta Pi President E. R. Moore, assistant 
manager of engineering for the Detroit 
Edison Company, and President-elect Harold 
M. King, retired turbine engineer for 
General Electric at Lynn, Mass., also at- 
tended. 

For the second successive year, the con- 
vention voted to admit women to member- 
ship. This action is subject to ratification 
by the undergraduate members of the as- 
sociation. In 1953 the proposal was de- 
feated by student balloting, If this year’s 
action is again nullified by the ratification 
vote, chapters will still be able to award 
special women’s badges to those who meet 
the same scholarship and character quali- 
fications required of men for membership. 
During the past 20 years 174 women have 
been honored. The most recent one was 
Mary Louise Schulze, State University of 
Iowa, who received her badge at the 1954 
Convention initiation banquet. 

Other Constitutional and Bylaws changes 
dealing with Tau Beta Pi’s 25-year-old 
graduate fellowship program, the time- 
scheduling of elections and initiations to 
membership, and the Association’s quarterly 
magazine, The Bent, were also approved. 
The national meeting will be held at Michi- 
gan State College (East Lansing) next 
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October, with the Michigan Alpha chapter a 
host. | 

Outstanding event of the Ames convention 
was the initiation and banquet program on 
Friday, October 22. This ceremony was 
conducted by Tau Beta Pi’s Executive Coun- 
cil for 33 Iowa State College and State 
University of Iowa students as well as for two 
alumni, Professor James P. McKean and Mr. 
Roy E. Miller. Professor McKean is on the | 
engineering faculty of Iowa State College, | 
and Mr. Miller is an engineer and business- 
man of Punxatawney, Pa. 

Main speaker at the banquet was Earl | 
Shreve, Tau Beta Pi member, retired vice- 
president of General Electric, former presi- 
dent of the U. S. Chamber of Commerce, and — 
currently head of the Treasury Department’s — 
bond drive. His address was “Our Nation’s | 
Future.” 

A testimonial was delivered to Professor 
A. D. Moore of the University of Michigan, © 
former president, councilor, director of fel-_ 
lowships, and alumni representative for Tau 
Beta Pi. The testimonial was delivered — 
by R. C. Matthews who was Tau Beta Pi | 
secretary-treasurer for 43 years. A gift was 
also presented to Professor A. D. Moore on 
behalf of the association by President E. R. — 
Moore. 

Valuable features of Tau Beta Pi Conven- 
tions are chapter-work discussions and ex- | 
hibits. Ideas for school and community 
service projects and chapter administration 
are exchanged by the delegates. This year’s 
discussions were led by Dr. M. E. Van 
Valkenburg of the University of Utah, 
chapter co-ordinator. Bruce L. Hill, senior — 
civil engineering student at Iowa State, was — 
in charge of all arrangements for the host 
chapter. President of the host group is 
John W. Stemple, and the chapter advisory 
board chairman is Professor Lowell O. 
Stewart, head of civil engineering at Iowa 
State. Business meetings were presided over 
by Lester L. Brown, student delegate from 
the University of California at Los Angeles. 

Tau Beta Pi is a national engineering honor 
society founded at Lehigh University, 
Bethlehem, Pa., in 1885. It now has 96 
undergraduate chapters in U. S. engineering 
colleges, 26 alumnus chapters, and more than 
80,000 initiated members. Students are 
elected to membership by the chapters from 
the top 20 per cent of their engineering 
classes on the basis of character and school 
service. Alumni may be elected on the basis 
of their eminent achievements in the engi- 
neering profession. 


Spokane Section Visits 
Fairchild Air Force Base 


A field trip to the Fairchild Air Force Base, 
located a few miles west of Spokane, was 
sponsored last October 23 by AIEE’s 
Spokane Section. More than 200 members 
and guests turned out for the visit. This in- 
cluded about 30 students from the University 
of Idaho and the State College of Washing- 
ton, and a delegation from the Wenatchee 
Subsection. The trip covered the simulator 
room where members took a “trip” and 
‘lived through” the crash of a B-36; the 
gunnery area, where they saw how the enemy 
is shot; as well as the Loran installation, 
where planes are brought in blind. 

An annual get-together night is planned © 
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with the Ladies Auxiliary. This meeting 
will include dinner and _ entertainment. 
Last year’s meeting with the ladies was well 
attended. 

Chairman H. C. Martindale wants to in- 
crease the Section’s activities with the Student 
Branches at the University of Idaho and the 
State College of Washington this year. 


This is in line with the over-all national 


effort to promote engineering and science as 


_ career possibilities. 


_ Annual Report Issued by 


Engineering Societies Library 
In the Annual Report of the Director of 


the Library, it was stated that current inter- 


est in acquiring a new Engineering Societies 
Building has made the consideration of space 
needs important. The Library Board had 
already started to study space requirements 


_ when a request was received from United 
_ Engineering ‘Trustees, 


Inc. (UET) to 
investigate the possibility of reducing the 
Library’s requirement of 10,000 square feet 
in a new building. In response to this re- 


- quest, a committee made an extensive study 
__and prepared a report unanimously approved 


by the Board, and transmitted to the UET. 

Findings and conclusions presented in the 
report are believed to be of long-range im- 
portance to the Founder Societies, the UET, 
and the Library. Some main points of the 
report were: 


1. In new quarters, specifically designed 
for library use, the square feet now used for 
the Library might be reduced. 

“2. Despite this possible saving, the col- 
lection of books and periodicals would have 
to be reduced 68 per cent if only 10,000 
square feet were available. 

3. The cost of microfilming 68 per cent 
of the collection would be prohibitive— 
about a million and a half dollars, in ad- 

.dition to which operating costs would be 
increased. 

4. Special space-saving equipment of the 
drawer and hinged-shelf type is expensive, 
unsatisfactory, and a definite safety hazard. 
5. Co-operative storage facilities for li- 
brary books are available in only a few 
areas in the United States. Even where 
available, it would be impracticable to store 
68 per cent of the collection at a distance 
from the Library. 

6. If 68 per cent of the books in the pres- 
ent collection were to be discarded, the 
Library no longer would be outstanding: 
no longer would it be a primary source of 
information and service for the profession. 
Other engineering libraries would then 
surpass it in size, but none would have the 
collection, the organized information, and 
trained staff required to give service to the 
engineering profession equal to that now 
provided by the Library. 

7. The committee could see no non- 
destructive means of housing the library in 
10,000 square feet. It was estimated that 
up to 1980 26,000 square feet would be re- 
quired. 


Over-all use of the Library increased during 
1953-54. Orders for bibliographies in- 
creased greatly because of the issuance of a 
new “Bibliography on Filing, Classification, 
and Indexing Systems for Engineering Offices 
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Los Alamos—Santa Fe Subsection Organized 


The Los Alamos-Sante Fe Subsection of the Northern New Mexico Section was organized 
in September of this year. The Subsection’s activities are well-attended, averaging 35 
present per meeting. Requests for membership blanks have indicated a need for a Sub- 
section in the area and, in addition, several AIEE members who had contemplated 
dropping their membership have decided not to do so because of the establishment of 
this group. Officers appearing in the photograph are: J. C. Pharr, membership chair- 
man; L. M. Swenson, secretary-treasurer, Northern New Mexico Section; J. F. Cully, 
chairman; A. E. Embry, vice-chairman; W. B. Hills, program chairman; Owen Holtan, 


arrangements chairman. 


Not present when this photograph was taken: 


Secretary- 


Treasurer H. A. W. Hedke, Publicity Chairman H. P. Brower, and Santa Fe Arrange- 
ments Chairman Carl Albach 


and Libraries.” The number of books 
borrowed dropped sharply because of the 
Library Board’s action last year discontin- 
uing the lending of periodicals. ‘The Board’s 
other action changing the hour of closing 
from 10 p.m. to 9 p.m. has apparently in- 
convenienced few members or others using 
the Library reading room. Some statistics 
follow: 


1952-53 1953-54 


Visitors served 16,452 16,817 
Non-visitors served 21,297 21,278 
Total 37,749 38,095 
Photoprint orders 4,540 4,704 
Photoprints 60,243 63,506 
Microfilm orders 388 295 
Bibliography orders 109 586 
Searches and paid 

services 147 127 
Translations 170 161 
Words translated 330),592) 200,595 
Borrowers 2,149 1,270 
Books lent aegis) 1,640 
Telephone inquires 9,882 9,349 
Written replies to 

inquiries 4,021 4,786 


Among the Library staff’s other activities 
were: preparation of reviews of books 
valued at $3,700. These reviews were sup- 
plied to the four Founder Societies, the 
Engineering Institute of Canada, and the En- 
gineering Index. In addition to the value of 
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books received for review, the Library spent 
about $2,000 for books that were not re- 
viewed. 


J. L. Head Re-elected 
President of UET 


James L. Head, Anaconda Copper Mining 
Company, was re-elected president of United 
Engineering Trustees, Inc. (UET) at its 
51st annual meeting, October 28, 1954. 

Other officers elected were vice-presidents 
W. J. Barrett (F ’50), New Jersey Bell Tele- 
phone Company, and W. F. Thompson, 
Westcott and Mapes, Inc.; treasurer, W. G. 
Bowman, McGraw-Hill Publishing Com- 
pany; assistant treasurer, J. L. Kopf, Jabez 
Burns and Sons, Inc.; secretary, John H. R. 
Arms, secretary and general manager since 
1933. 

The membership of the UET is 12 men, 
three appointed by each Founder Society to 
represent them in matters of mutual or com- 
bined professional and educational interests. 

The Trustees control various extensive 
gift funds for use in engineering and scientific 
research, a free public engineering library, 
and the Engineering Societies Building head- 
quarters. With the growth in memberships 
in the Founder and other engineering so- 
cieties in the building, and the increase in 
engineering development, one of the prin- 
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cipal objects of UET study at present is to 
obtain larger quarters and to determine the 
location. Various cities have extended invi- 
tations to establish the engineering head- 
quarters in their territory and the locations 
are being evaluated on the basis of the needs 
of the profession as a whole. 


EJC Sets First Open Annual 
Meeting for January 21 


For the first time in its history, Engineers 
Joint Council (EJC), will hold a public an- 
nual meeting and banquet. A day-long 
program of discussions on professional sub- 
jects will take place January 21, 1955, in the 
Hotel Statler, New York City. There will 
be addresses at luncheon and dinner by na- 
tionally known figures, and new officers will 
be installed in the evening. 

While a broad variety of matters will be 
discussed by committees and speakers, the 
basic theme will be further activities of the 
Council in uniting the engineering profes- 
sion. Subjects to be covered include: 
several aspects of the manpower shortage, 
employment conditions as they affect engi- 
neers, and the national water policy which 
has occupied the Council’s attention for 
several years. Activities in specialized areas 
of engineering, such as the industrial and 
peacetime phases of nuclear development, 
and the future usefulness of EJC to affiliates 
and associates, will also be discussed. 


Transactions of 1951 World 
Power Conference Available 


The Transactions, covering reports and dis- 
cussions of the Sectional Meeting, World 
Power Conference, at New Delhi, India, in 
1951, in connection with the International 
Engineering Conference, are now available. 
Volumes I, II, and III may be obtained, at 
£9.15s per set, from the Secretary of the 
Indian National Committee, World Power 
Conference, 8 Gokhale Road, Calcutta 20, 
India. When ready, volume IV, the index, 
will be sent to purchasers of complete sets. 

Six technical sessions of the Sectional 
Meeting of the World Power Conference were 
held for discussion of ‘‘Utilization of Power 
in its Various Aspects,’’ under twelve sub- 
headings of two main subjects. ‘These main 
subjects were the utilization of electricity in 
agriculture, and the co-ordination of the de- 
velopment of industries and the development 
of power resources. 

On the first subject, 19 reports were pre- 
sented by representatives of eleven nations. 
A wide range of subjects was covered, in- 
cluding utilization of electricity for irrigation, 
the farm, the home, processing of agricul- 
tural products, and for manufacturing fer- 
tilizers. The United States reports were by 
C. R. Wickard on “Electricity in Agricul- 
ture” and L. N. McClellan on ‘Feasibility 
of Irrigation Projects Increased by Develop- 
ment of Hydro-Electric Power.” 

Under the second main subject, 28 reports 
were presented by representatives of nine 
countries. Various phases included power 
load planning, modern equipment methods, 
and research in power utilization; power and 
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cottage industries; interconnection and co- 
ordination of power systems; design and con- 
struction of power stations and transmission 
facilities. 

Reports from the United States were by 
D. L. Beeman on ‘Power Distribution in 
Light and Heavy Industries,” F. R. Benedict 
on “Electric Power and Heavy Industries,” 
M. W. Straus on ‘‘Water and Power in Our 
World,” A. C. Clogher and R. P. Crippen on 
“Co-ordinated Utilization of Thermal and 
Hydro Energy Resources.” 

Throughout the sessions emphasis was 
placed on the importance of industrial de- 
velopment in raising the standard of living 
of underdeveloped countries and the need for 
close co-ordination betweensuch development 
and the provision of necessary power supplies. 


Sound and Slide Program 
Sponsored for Students 


As part of the co-ordinated program of the 
Institute Committee on Student Branches for 
1954-55, AIEE is sponsoring a sound and 
slide program for all electrical engineering 
students who are AIEE Branch members. 
This program will appear under the title, 
‘Electrical Engineering—a Creative Pro- 
fession.”” 

The program’s purpose is to better ac- 
quaint the students with the many fields of 
the electrical engineering profession. The 
initial sound and slide presentation, “Ex- 
panding Opportunities for Tomorrow’s Elec- 
trical Engineers,” is sponsored by the West- 
inghouse Electric Corporation and features 
Institute President A. C. Monteith. This 
covers, in a general way, the broad field of 
electrical engineering. It also serves to 
bring the Institute president to the Branches. 

Each succeeding presentation will cover in 
more detail a specific branch of electrical 
engineering. ‘These presentations are spon- 
sored by various companies in much the 
same way as these companies would sponsor 
a speaker to present the subject in person. 
It is difficult to cover all the Branches on any 
one subject with speakers, and thus this 
sound and slide program is the most practical 
means for extended coverage. 

Each presentation will take 15-20 minutes. 
Pictures are 35-mm, slides in 2-X2-inch 
mounts, and a standard recording tape at the 
38/4-inches-per-second-speed is used. This 
tape recording is made by representative 
engineers from the sponsoring companies. 

The presentations are being arranged so 
that they may be fitted in easily at any previ- 
ously planned meeting as an opening fea- 
ture, or as an extra. Many could be used 
as the main feature of a meeting, with a 
planned discussion period afterwards. 

Distribution of the sound and slide presen- 
tations will be through the chairmen of the 
District Committees on Student Activities. 
Each District Committee chairman will make 
arrangements for showing of each presenta- 
tion to the Branches in his District. Organ- 
ization of this program is handled by G. W. 
Bower, member of the Institute Committee 
on Student Branches. 

A new activity of the Institute Committee 
on Student Branches, this program provides 
one more service from AIEE, and should 
prove helpful to students in visualizing career 
horizons of tomorrow. 
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Editor’s Note: This department has been created | 
for the convenience of the various AIEE technical — 
committees and will include brief news reports 

of committee activities. Items for this department, — 
which should be as short as possible, should be | 
forwarded to R. S. Gardner at AIEE Head- ' 
quarters, 33 West 39th Street, New York 18, N. Y. 


{ 
. 
‘| 
Power Division | 
, | 
Committee on Transformers (J. A. Adams, 
Chairman; J. R. Meador, Vice-Chairman; 
M. H. Pratt, Secretary). The work of the 
Committee on Transformers is divided 
among subcommittees, one of which is the 
Subcommittee on Dielectric Tests. The 
scope for the committee is as follows: ““To 
determine test voltage requirements for 
service conditions or conversely voltage tests 
which will determine that service require-_ 
ments are met.” In order to cover this scope, 
there has been a subdivision into projects. 
Projects for this subcommittee are to be as 

follows: 


1. Test Voltages for Transformers 
for Systems Above 230 Kv 

This project involves the establish- 
ment of test voltages, both 60-cycle 
and impulse test values, for higher 
voltage systems. Maximum contin- 
uous operating voltage of power 
systems is also involved in this work. 


2. Revision of Table 11.030 on -- 
Dielectric Tests 

A revision of this table is being made 
for general improvement. It will be 
divided into separate tables for each 
type of apparatus. The table cover- 
ing standard dielectric tests for oil- 
immersed transformers has been ap- 
proved by the Transformer and 
Standards Committees. Other tables 
such as those for regulators and re- 
actors, are under preparation. 


3. Insulation Power Factor Testing 
of Transformers 

A test code for power factor testing of 
power transformers was approved by 
the Transformer Committee and sent 
to the Standards Committee. It was: 
recommended that this be published 
as an AIEE Standard, or, at the discre- 
tion of the Standards Committee, 
be published on a trial basis for one 
year. This test code was limited to 
oil-immersed units. Test codes for 
other transformers are under con- 
sideration. 


4. Impulse, Switching, and Service 
Insulation Strength of Transformers 
More comprehensive data are to be 
obtained on the impulse, switching, 
and 60-cycle strengths of transformer 
insulations, 


5. Service Requirements of Trans- 
formers with regard to Switching 
Surges 

Attempts have been made to obtain 
data on types and durations of 
switching surges to which transformers 
may be subjected. Also, an attempt 
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J. A. Smith, Secretary). 


will be made to establish a standard 
switching surge, as was done in the 
case of lightning, for use as a basis of 
design. Since other apparatus and 
system operation are involved, sug- 
gestions of other committees are being 
obtained. 


~ Committee on Substations (I. S. Mendenhall, 


Chairman; W. S. Scheering, Vice-Chairman: 
In addition to the 
active continuation of the various projects 
that have been reported previously, the com- 
mittee is organizing a Working Group to con- 
sider a new project, Grounding and Corro- 
sion in Substations. This will be an exten- 
sion of the work of a former group that 
culminated in a report, ‘‘Application Guide 
on Methods of Substation Grounding,” 
presented at the 1954 Winter General Meet- 
ing. The new project will be more con- 
cerned with corrosion problems that are a 
part of grounding practices. 

The committee has organized a West 
Coast Subcommittee for the purpose of pro- 
moting committee interests there, and to 
afford members in that area a greater op- 
portunity to participate in the Institute’s 
technical activities. At the present time 
there are 19 subcommittee members. The 
first meeting was held in San Francisco, 
October 29. 


Committee on Carrier Current (5S. C. 
Leyland, Chairman; L. G. Eaton, Vice-Chairman 
(East); L. E. Ludekens, Vice-Chairman (West); 
H. W. Lensner, Secretary). Subcommittee 
activity at the present time is being con- 
centrated on two main subjects: methods of 
measurement of carrier-frequency quantities, 
and standards for carrier radiation. These 
are two long-term projects, the results of 
which will be of much value in the field of 
power-line carrier. In addition, the Micro- 
wave Subcommittee has been enlarged to 
expand its activity. 


Science and Electronics Division 


Committee on Electronics (H. C. Steiner, 
Chairman; J. D. Ryder, Vice-Chairman; D. G. 
Wilson, Secretary). As a result of the transfer 
of the Electronic Power Converter Com- 
mittee to the Industry Division, the Hot 
Cathode Converter Subcommittee, under 
the chairmanship of W. H. Bixby, has been 
returned to the Electronics Committee. 
This subcommittee has recently finished the 
final draft of Section II of the proposed 
ASA Standards on hot-cathode power con- 
verters. 

R. E. Higgs has resigned as chairman of the 
Subcommittee on Electron Tubes and D. S. 
Peck will serve in that capacity for the re- 
mainder of the term. The Gas Tube 
Group, in conjunction with the Institute of 
Radio Engineers’ Subcommittee on Gas 
Tubes, has submitted definitions of terms for 
review and forwarding to the American 
Standards Association. 

Under the chairmanship of H. J. White, 
the Subcommittee on Electrostatic Proc- 
esses plans to present the results of work on 
rectifier standards for electrical precipitation 
in a session at the 1955 Winter General 
Meeting. 
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AIEE FELLOWS ELECTED.. 


Board of Directors Meeting, August 12, 1954 


Winfred H. Stueve (M ’43), consulting and 
mechanical engineer, Oklahoma City, Okla., 
has beed transferred to the grade of Fellow 
in the AIEE “‘for contributions to the use of 
electric power in the petroleum industry; 
particularly to the movement of oil and gas 


W. H. Stueve 


through pipe lines.” Mr. Stueve was born 
at Wapakoneta, Ohio, August 5, 1885. He 
received his master of engineering degree in 
electrical engineering from Ohio State 
University, 1908; the professional master of 
science degree from Ohio State, 1936; and 
the professional master of science degree 
from Oklahoma Agricultural and Mechani- 
cal College in 1952. Mr. Stueve is a mem- 
ber of the National Society of Professional 
Engineers and is a registered professional 
engineer in Oklahoma. He was consulting 
engineer, municipal power plants and dis- 
tribution systems, Tulsa and Muskogee, 
Okla., 1909-18; U.S. Navy engineer officer, 
Cruiser and Transport Forces, 1918; con- 
sulting electrical engineer, Muskogee, 1919— 
24; power consultant, executive assistant, 
Oklahoma Gas and Electric Company, 
1925-50. During these 25 years (1925-50) 


as power consultant in charge of oil field 
electrification, many economic studies were 
constantly being made to convince oil 
operators that the use of electric power for 
their operations would result in lower cost 
than could otherwise be achieved. He 
built up the revenues of Oklahoma Gas and 
Electric Company for oil industry purposes 
to $3,000,000, or 15 per cent of the total 
revenues in 1950. He was loaned by 
Oklahoma Gas and Electric Company to 
assume supervision of engineering and design 
on electrical features of the following: 1928 
—to Shell Pipe Line Company, electrification 
of first all-electric pipe line, McCarney, 
Tex., to Cushing, Okla.; 1930—to Texas- 
Empire Pipe Line Company, electrification 
of ten 2,400-hp Booster Stations, Cushing, 
Okla., to Chicago, Ill.; 1930—32—to Okla- 
homa Pipe Line Company (Standard Oil 
of New Jersey), for electrification of all 
stations involving 18,000-hp change-over; 
1942-44—to War Emergency Pipe Lines, 
Inc., Washington, D. C., as chief electrical 
engineer, handling design and negotiating 
power contracts for the ‘Big Inch” pipe 
lines; 1947—to Urited Gas, Shreveport, 
La., and Southwest Gas and Electric Com- 
pany, as consultant in economic study and 
later electric motors, replacing oil pumps in 
former Big Inch systems; 1949—electrical 
engineer, Santos-Sao Paulo Pipe Line, 
Brazil. Since retiring from the Oklahoma 
Gas and Electric Company in 1950, Mr. 
Stueve has been a consulting engineer in the 
mechanical and electrical fields, specializing 
particularly with respect to petroleum, gas, 
and oil pipe lines and production. Mr. 
Stueve is the author of the Petroleum Power 
Section of the “Electrical Engineers Hand 
Book.”? He has served on the State Board 
of Registration for Professional Engineers in 
Oklahoma and is a member of The American 
Society of Mechanical Engineers and the 
American Institute of Mining and Metal- 
lurgical Engineers. 
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H. T. Friis (AM ’20, F °41), director of re- 
search in high frequency and electronics, 
Bell Telephone Laboratories, has been named 
by the Institute of Radio Engineers (IRE) as 
the recipient of the IRE Medal of Honor, 
highest technical award in the radio engi- 
neering profession. ‘The award, which was 
given “‘for his outstanding technical contri- 
butions in the expansion of the useful spec- 
trum of radio frequencies, and for the inspi- 
ration and leadership he has given to young 
engineers,’ will be presented during the 
March IRE National Convention. Dr. Friis 
began his career in 1916 as assistant to 
Professor P. O. Pedersen in Copenhagen, 
Denmark. For the next two years he worked 
as Technical Advisor at the Royal Gun Fac- 
tory in Copenhagen. He received a Fellow- 
ship from the American-Scandinavian Foun- 
dation in 1919. In 1919 he joined the West- 
ern Electric Company’s research department, 
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later Bell Telephone Laboratories. His 
first work was on ship-to-shore radio recep- 
tion. From 1921 to 1929 he took part 
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in pioneering theoretical studies of radio re- 
ception and then assumed direction of a 
group working on short-wave studies. Dr. 
Friis served as director of radio research from 
1945 to 1952 when he was appointed director 
of research in high frequency and electronics. 
During his years of association with Bell 
Laboratories, Dr. Friis has made notable con- 
tributions in radio transmission, including 
methods of measuring signals and noise; 
in the creation of a receiving system for re- 
ducing selective fading and noise interfer- 
ence; in microwave receivers and measuring 
equipment; and during the war in radar 
work. Professional activities include mem- 
bership in the American Association for the 
Advancement of Science; Danish Engineer- 
ing Society; American Section, International 
Scientific Radio Union; Danish Academy of 
Technical Sciences; Panel for Basic Re- 
search, Research and Development Board, 
Washington, D. C.; and the Scientific 
Advisory Board, Army Air Force. 


W. L. Cisler (M ’35, F °47), president of 
The Detroit Edison Company, has been 
named to receive the ASME George Westing- 
house Gold Medal Award at the ASME 
Annual Meeting in New York, November 29— 
December 3. The award, which is ad- 
ministered by the Board on Honors of The 
American Society of Mechanical Engineers, 
is given, when warranted, for eminent 
achievement or distinguished service in the 
power field of mechanical engineering, in- 
cluding contributions in the utilization, 
application, design, development, research, 
and organization and administration of 
power facilities. Mr. Cisler earned a master 
of engineering degree at Cornell University. 
He joined the staff of Public Service Electric 
and Gas Company, Newark, N. J., following 
his graduation. Before the beginning of 
World War II, his company loaned Mr. 
Cisler to the War Production Board, Office of 
War Utilities, to assist in mobilizing electric 
power for the preparedness program, and 
later to develop and supervise the schedules 
and production of all power equipment, in- 
cluding that for the Army and Navy Depart- 
ments. He also developed and allocated 
equipment for Lend-Lease. Mr. Cisler was 
employed by Detroit Edison in 1943 and 
granted a leave of absence to serve in the 
U.S. Army at the request of the Secretary of 
War. Commissioned a lieutenant colonel, 
he was assigned to the Mediterranean 
Theatre to make recommendations concern- 
ing rehabilitation and operation of electric 
power facilities. In 1944, Mr. Cisler was 
appointed chief of public utilities on General 
Kisenhower’s SHAEF staff, in which position 
he supervised restoration of electric power, 
gas, and water service for civilian and military 
use. Following the dissolution of SHAEF in 
1945, Mr. Cisler, then a full colonel, became 
chief of the Public Utilities Section, Office of 
Military Government for Germany. For his 
service during the war, he was awarded the 
American Bronze Star, the American Legion 
of Merit, the French Croix de Guerre with 
Palm, the French Legion of Honor, the 
English Order of The British Empire, the 
Netherlands Order of Orange Nassau, the 
Belgian L’Ordre de Leopold, and the Stella 
della Solidarieta Italiana. Mr. Cisler re- 
turned to Detroit Edison following his mili- 
tary retirement, and became chief engineer of 
power plants at a time of intensive power 
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expansion work in his firm. He has worked 
on the following AIEE committees: Power 
Generation (1935-41, Chairman 1940-42, 
1943); Technical Program (1940-42); 
Standards (1941-42); Management (1947- 
49, Chairman 1948-49, 1950-54); Pro- 
fessional Group Coordinating (1948-49). 


E. B. Powell (AM 701, M 713, Member for 
Life), consulting engineer with Stone and 
Webster Engineering Corporation, Boston, 
Mass., has been named to receive The 
American Society of Mechanical Engineers’ 
(ASME) Medal. The award, which is 
administered by the Board on Honors of 
the ASME, is presented annually for distin- 
guished service in engineering and science, 
and will be conferred on Mr. Powell at the 
ASME’s annual meeting in New York, 
November 29-December 3. The citation 
accompanying the medal praises Mr. Powell 
“for his thorough knowledge and accuracy 
in solving many difficult scientific and en- 
gineering problems of steam power genera- 
tion, and for his outstanding leadership in 
the development of designs incorporating 
advances for boiler furnaces and water 
treating equipment. . .” Born in Brook 
Haven, Miss., in 1880, Mr. Powell was 
educated in Millsaps College, Jackson, Miss. 
Following his graduation he began work with 
New York Edison Company, as supervisor of 
the chemical laboratory and mechanical 
testing department. In 1907 he joined 


Stone & Webster and introduced systema- . 


tized methods of operation and maintenance 
in a large number of power and construction 
companies then under the management of 
his firm. It was at this time that he designed 
and placed in operation the first pulverized 
coal burners installed in any American 
public utility. Since 1920 Mr. Powell has 
been a consultant engineer with Stone & 
Webster. His work has involved research 
and investigations of equipment and materials 
in every phase of power generation. He is 
the author of many papers on power genera- 
tion, and is a member of the American 
Society for Testing Materials, as well as AIEE. 


H. E, Ellithorn (AM °40, M. °47), asso- 
ciate professor of electrical engineering, 
University of Notre Dame, Notre Dame, Ind., 
has been appointed head of the department. 
A specialist in network theory, Professor 
Ellithorn is a native of Detroit. He at- 
tended Union College, Schenectady, N. Y., 
and later received his master’s degree from 
Harvard. Dr. Ellithorn has been with Notre 
Dame since 1940. In 1945 he obtained a 
Ph.D. in physics from the university. Prior 
to joining the Notre Dame faculty he had 
been director of the engineering laboratory, 
Sylvania Electric Company, Salem, Mass. 
Besides AIEE, he is a member of the Institute 
of Radio Engineers, the American Asso- 
ciation of Engineering Educators and the 
American Institute of Physics, as well as 
Sigma Xi, honorary research society. He is 
a past president of the Notre Dame Lay 
Faculty Club. Dr. Ellithorn’s AIEE com- 
mittee work has been with the Communica- 
tion Committee (1944-46, 1948-49); and 
with the Wire Communications Systems 
Committee (1949-54). 


H. M. Towne (AM ’24), sales manager, 
Lightning Arrester and Cutout Division, 
General Electric Company, Pittsfield, Mass., 
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retired October 1, after completing 45 on 
of continuous service with the company. 
He may later engage in consulting service 
for insurance, architectural, and engineerin 
firms on unusual problems of lightning 
protection of structures or power systems. 
Mr. Towne, a native of Williamstown, 
Mass., began his career in the factory 
organization on the assembly line at the 
Pittsfield, Mass., plant. His first four years | 
with the company were devoted to routine | 
and developmental test work; and in 1913 
he became foreman of the lightning arrester 
test where he did some of the earliest work | 
in Pittsfield on the design and use of impulse 
generators for high-voltage testing. Four 
years later he joined the lightning arrester — 
engineering department where he specialized 
in design and application problems. In 
1928 he went to Japan for a 7-month 
assignment on promotional and field engi- 
neering work. In 1929 he entered the 
Sales Division where he supervised the sale 
of lightning arrester equipment, and traveled — 
extensively to promote new concepts for 
improved protection, of power systems 
resulting from General Electric’s laboratory 
and field researches. He became manager 
of sales of the lightning arrester and cutout | 
business in 1942, the position he held at the | 
time of his retirement. Besides AIEE, he 
is a member of the Association of American — | 
Railroads Signal Section. 


J. F. Calvert (AM ’27, F ’45), professor and 
chairman of the Department of Electrical - 
Engineering at Northwestern University, 
has been named professor and head of the 
Electrical Engineering Department at the 
University of Pittsburgh. Dr. Calvert has 
already assumed his new post. He has been 
professor of electrical engineering at North- 
western since 1938 and has served as chair- 
man of the department since 1939. He was 
formerly associate professor in electrical 
engineering at Iowa State College from 
1936-38. From 1925 to 1936, he was 
associated with the Westinghouse Electric 
and Manufacturing Company. During this 
time he took part in the Westinghouse 
program at the University of Pittsburgh, 
serving as a graduate lecturer. Dr. Calvert 
is a graduate of the University of Missouri 
where he received the bachelor of science 
degree in electrical engineering. He later 
attended. the University of Pittsburgh 
where he received the master of science 
degree in 1930 and the doctor of philosophy 
degree in mathematics in 1936. From 
1941-42 he was on loan from Northwestern 
for special duties with the United States 
Naval Ordnance Laboratory and has since 
served on various other armed services 
research projects. He is a member of the 
Western Society of Engineers, American 
Society for Engineering Education, American 
Association for the Advancement of Science, 
American Association of University Pro- 
fessors, Institute of Radio Engineers, Tau 
Beta Pi, Eta Kappa Nu, and Sigma Xi, 
professional societies. His AIEE committee 
service includes: Electrical Machinery 
(1939-47); Student Branches (Chairman 
1946-48, 1949); Air Transportation (1946- 
47); Membership (1947-48); Edison Medal 
(1950-55, Chairman 1952-53); Professional 
Division Advisory (1951-52); Washington 
Award Commission (1952-54); Computing 
Devices (1953-54). 
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C. C. Shackford (AM °36), assistant chief 


engineer, Electrical Wire Division, John 


A. Roebling’s Sons Company, has been 


named product engineer of the division, 
the firm’s top electrical engineering post. 


Mr. Shackford joined the Roebling Corpora- 
tion in 1935 as a student engineer in the 
Electrical Wire Division, following his 
graduation from Lehigh University where he 


received a B.S. degree in electrical engi- 


neering. During World War II, Mr. 
Shackford served five years with the United 


States Navy, assigned primarily to projects 


relating to electronics instruction, research 
and development, and radar installation and 


use aboard ship. His tour of duty included 
service as electronics officer on the battle 


cruiser USS Guam. 


F. Cline (AM °37, M ’44), project 
gineer, Parson Aerojet Company, Los 
Angeles, Calif., has been appointed chief 
ngineer, Electronics Division, Mullenbach 
lectrical Manufacturing Company, Los 
geles, Calif., to direct the development of 
ullenbach’s new Capaswitch.* Mr. Cline 
aduated in 1936 from the University of 
oronto with a bachelor of applied science 
egree in electrical engineering, and then 
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_ spent nine years as research and develop- 
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ment engineer in the electric furnace plant of 


_ Norton Abrasive Company in Niagara Falls. 


In 1946 he obtained his master’s degree in 
electrical engineering from California In- 
stitute of Technology. This same year he 


_ joined the staff of Bechtel Corporation in 


; 
i 
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Los Angeles, and was in charge of the 
Synchronous Motor Division for Southern 
California Edison’s frequency change project. 
Next Mr. Cline became chief electrical en- 


_ gineer, Industrial Division, Ralph M. Parsons 


_ Company. 


Subsequently, he was associated 
with Electric Machinery Manufacturing 


- - 
Company as sales engineer. 


Joel Tompkins (AM ’30, M °48), chief of 
the Electrical Division of Alcoa’s Aluminum 
Research Laboratories at Massena, N. Y., 
has been transferred to the central electrical 
engineering department at Pittsburgh, Pa. 
H. E. House (AM ’30, M’45), senior staff 
engineer of the Power Division at the com- 
pany’s works in Alcoa, Tenn., has succeeded 


Mr. Tompkins in the Massena post. Mr. 
Tompkins has been active on AIEE’s 
Electronic Power Converters Committee 


(1947, 1949), and Chemical, Electrochem- 
ical, and Electrothermal Applications (1947, 
1949-51). 


R. C. Setterstrom (AM ’30, M ’41), in- 
dustrial engineer for The Montana Power 
Company in Butte, Mont., has been 
elected president of the Northwest Electric 
Light and Power Association, covering Ore- 
gon, Washington, Idaho, Montana, Utah, 
and British Columbia. The Association pro- 
motes interchange of ideas to provide top 
quality electric service for member com- 
panies. Mr. Setterstrom was born June 1, 
1905, at Little Falls, Minn. He is a graduate 
of Oregon State College in Corvallis, from 
which he has a bachelor of science degree in 
electrical engineering, granted in 1928. 
From 1928 to 1940 he was with the Westing- 


* Reg. trade-mark of Mullenbach Electrical Manuface 
turing Company. 
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house Electric Corporation, most of the time 
as sales engineer in Seattle, Wash., and in 
Butte. Since 1940 he has been with The 
Montana Power Company in Butte as in- 
dustrial development engineer. He was on 
the AIEE Membership Committee (1942-44) 
and Industrial Power Systems Committee 
(1948-49). 


W. H. Henrich (AM ’47), chief develop- 
ment engineer for Sorensen and Company, 
Inc., Stamford, Conn., has been named 
assistant to the general manager in charge 
of production and sales of the Condenser 
Products Company, Division of New 
Haven Clock and Watch Company, New 
Haven, Conn. Previously he was employed 
as electronics engineer by the Labora- 
tory of Advanced Research, Remington 
Rand, Inc., South Norwalk, Conn. He 
has been a lecturer in physics at the Univer- 
sity of Bridgeport, Conn., and holds patents 
on electronic-controlled high-speed printing 
mechanisms and voltage regulators. 


J. J. Doran (AM °’47), senior utilities en- 
gineer in the research section of the Utilities 
Division of the California Public Utilities 
Commission, has been promoted to electrical 
engineer in charge of the electric section. 
He is a University of Santa Clara graduate, 
who has been with the Commission since 
1947. 


Rudolf Feldt (M ’46), manager, Cathode 
Ray Instrument Division, Allen B. DuMont 
Laboratories, Inc., Clifton, N. J., is now 
manager of the new Instrument Division 
organized by the Federal Telephone and 
Radio Company, Clifton, N. J., a division of 
International Telephone and ‘Telegraph 
Corporation. The new division is for manu- 
facture and distribution of measuring and 
testing instruments and will make available 
to the American market products of domestic 
and foreign manufacturing associates of the 
worldwide IT and T system, as well as other 
instrument makers abroad. Prior to his 
being manager of DuMont’s Cathode Ray 
Instrument Divisicn, he was with IT and T 
System associates in Germany and France. 
He has served on the AIEE Electronics 
Committee (1947-54), and the Instruments 
and Measurements Committee (1950-54). 
He is chairman of the Group Subcommittee 
on Electronic and High-Frequency Instru- 
ments of this latter committee. 


G. W. Brown (AM ’52), executive engineer 
of Wagner Electric Corporation, St. Louis, 
Mo., has been elected a vice-president by 
the company’s board of directors. In his 
new capacity Mr. Brown will have complete 
charge of Wagner’s Engineering and Re- 
search Divisions, both automotive and elec- 
trical, and will also serve as a member of 
the company’s executive committee. Mr. 
Brown, a graduate of Ohio State University, 
joined the Wagner company in 1926, and 
for ten years worked in the electrical en- 
gineering department where he specialized 
in the development, design, and application 
of fractional-horsepower motors. In 1937 he 
was appointed to the newly established posi- 
tion of personnel director. In 1945, after 
serving three years as an officer with the U. S. 


Institute Activities 


Army Ordnance Department in the Office, 
Chief of Ordnance, he returned to the com- 
pany to become industrial relations director. 
In 1952 he returned to engineering as the 
company’s executive engineer, with re- 
sponsibility for the general executive direc- 
tion of automotive and electrical engineering 
and the metallurgical and chemical depart- 
ments. He will continue this work on a 
broader scale as vice-president. 


W. C. Hall, (M °46), superintendent of the 
Solid State Division, Naval Research Labora- 
tory, has been named associate director of 
research for nucleonics. A native of 
Reading, Kan., Dr. Hall is a graduate of 
the University of Kansas, having received his 
degree of Doctor of Philosophy in physics 
from that college in 1936. From 1931 to 
1935, Dr. Hall was an instructor in physics at 
the university. He joined the Naval Re- 
search Laboratory in 1935, where his major 
field of research activity was in thermal con- 
ductivities. In 1947, Dr. Hall was named 
the first superintendent of the new Elec- 
tricity Division. In March, 1954, he was 
selected as the first superintendent of the 
Solid State Division. He was on AIEE’s 
Basic Sciences Committee (1948-50). 


Alfred Malkin (AM °44, M ’51), assistant 
to construction engineer, Canadian Car and 
Foundry Company, Ltd., has been appointed 
electrical engineer with the firm of Stadler, 
Hurter and Company, consulting engineers. 
Mr. Malkin was born in England and served 
with the Canadian Forces overseas during 
World War I. Following seven years with 
the Northern Electric Company in their 
power switchboard engineering department, 
he joined the architectural firm of Ross and 
MacDonald. During depression years he 
was employed by various consulting en- 
gineers and by Canadian Industries, Ltd., 
and the Canadian Broadcasting Corpora- 
tion. Joining Canadian Car Munitions in 
1940, he was responsible for the electrical 
layout of the plant in co-operation with 
representatives of the British Government. 
He was later transferred to the head office of 
the Canadian Car and Foundry Company, 
Ltd., where he remained until his recent 
resignation as the company’s electrical en- 
gineer. 


OBITUARIES eeee 


Archibald Hunt Davis, Jr. (AM °17, M’19), 
electrical engineer, Wright Air Development 
Center, Wright-Patterson Air Force Base, 
Dayton, Ohio, died September 10, 1954. 
Mr. Davis was born in Elyria, Ohio, July 
13, 1890, and was graduated from the 
Geor gia Institute of Technology in 1910. 
He entered the General Electric test course 
at Schenectady, N. Y., in 1910, and was given 
assignments in the laboratory of Dr. Stein- 
metz until entering the United States Navy 
in 1917. During 1917-18 he served as a 
lieutenant in the Bureau of Steam Engineer- 
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ing and lectured at the United States Naval 
Academy, Annapolis, Md. Following the 
war he became chief power engineer, Na- 
tional Aniline and Chemical Company, 
Buffalo, N. Y. In 1928 Mr. Davis moved to 
Pittsburgh, Pa., to become vice-president in 
charge of engineering for the Shaw-Perkins 
Manufacturing Company. Ten years later he 
returned to the National Aniline and Chem- 
ical Company and in 1939 he became di- 
rector of research and development for 
American Machine and Metals, Inc., East 
Moline, Ill. In 1943 he joined the Apex 
Electric and Manufacturing Company of 
Cleveland and Sandusky, Ohio, with the 
same title. He held this position until 
shortly before his death when he accepted the 
assignment with the Air Force. Mr. Davis 
held many patents in electrical and me- 
chanical fields and was a registered profes- 
sional engineer in several states. 


Alvah R. Small (M ’37, F °43), retired, 
Pompano, Fla., and former president and 
vice-chairman, Underwriters’ Laboratories, 
Inc., Chicago, Ill., died October 8, 1954. 
Born in South Portland, Maine, December 7, 
1882, Mr. Small received a bachelor of 
science degree in civil engineering from the 
University of Maine in 1904 and a degree of 
civil engineering from the university in 1929. 
Following his graduation in 1904 he joined 
the staff of the New York Fire Insurance 
Exchange, New York, N. Y. In 1906 he 
became an assistant electrical engineer with 
the Underwriters’ Laboratories, Inc., Chi- 
cago, and in 1910 he formed the label service 
department for the factory follow-up inspec- 
tion of listed products. Mr. Small was pro- 
moted to vice-president in 1916 and in 1924 
was transferred to the Laboratories’ office in 
New York. In 1935 he returned to the main 
office and testing station in Chicago as presi- 
dent of the Underwriters’ Laboratories. He 
retired from active service in 1948 with the 
title of vice-chairman. A past president of 
the National Fire Protection Association and 
active on many of its committees, he was 
president of the organization’s Electrical 
Committee which is responsible for the Na- 
tional Electrical Code. He was a member 
of the Advisory Engineering Council of the 
National Board of Fire Underwriters, Ameri- 
can Standards Association, the American 
Society for Testing Materials, and the Inter- 
national Association of Electrical Inspectors. 
Mr. Small served on the AIEE Committee 
on Safety (1937-39). 


Thomas Clair McFarland (AM ’22, M °’32, 
F °45), professor of electrical engineering, 
University of California, Berkeley, died 
September 16, 1954. Professor McFarland 
was born in Porterville, Calif., on July 19, 
1893. He was graduated from the Uni- 
versity of California in 1916 and received 
his masters degree in 1923. From 1916 to 
1918 he was with the General Electric 
Company, Schenectady, N. Y., as a student 
engineer, and from 1918 to 1919 he served 
in the United States Naval Reserve. Join- 
ing the University of California faculty in 
1920 as an instructor, he became assistant 
professor in 1925, associate professor in 
1931, and full professor in 1946. He held 
the chairmanship of the Division of Electrical 
Engineering from 1943 to 1953. Professor 
McFarland wrote a textbook on electrical 
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engineering now in use at the university. 
He was a consultant in the establishment of 
electric voting equipment in California and 
adviser to the Bell Telephone Company on 
the installation of submarine telephone 
equipment for the Navy. He was a member 
of Eta Kappa Nu, Tau Beta Pi, Sigma Xi, 
and the American Association for the Ad- 
vancement of Science. Professor McFarland 
served on the AIEE Committee on Education 
(1947-49, 1951-54). 


LeRoy L. Newman (AM ’07, M °36, 
Member for Life), electrical research con- 
sultant, New Orleans (La.) Public Service, 
Inc., died June 3, 1954. Mr. Newman was 
born in Magazine, Ark., May 29, 1874, 
and was graduated from the University of 
Arkansas in 1901. Following his graduation 
he joined the Memphis (Tenn.) Power and 
Light Company where he remained until 
1903 when he became affiliated with the 
Pennsylvania Railroad for whom he de- 
signed small generating plants, distribution, 
lighting, and power for railroad yards, shops, 
and stations in Altoona, Pa.; Washington, 
D. C.; New York, N. Y.; Sunnyside, N. Y.; 
and Pittsburgh, Pa. In 1914 he transferred 
to the Birmingham (Ala.) Electric Company 
as chief engineer. He joined New Orleans 
Public Service in 1923 as superintendent of 
the Electric Distribution Division, a position 
he held until 1952 when he was named 
electrical research consultant. Mr. New- 
man was a member of the Edison Electric 
Institute and the Louisiana Engineering 
Society. 


Deany C. LaZan (AM ’27), Cleveland 
Heights, Ohio, died recently. Miss LaZan 
was born on August 16, 1889, in San Fran- 
cisco, Calif., and attended the University of 
California. From 1920 to 1923 she was 
engaged in theatrical stage lighting and 
electrical work. In 1924 she joined the 
Simplex Wire and Cable Company factory 
in Cambridge, Mass., and in 1925 she was 
transferred to the executive and sales offices 
of the company in Boston, Mass. In 1926 
she became assistant manager of the Simplex 
Wire and Cable Company’s Cleveland, Ohio, 
branch. She remained with that office for 
the rest of her professional life, until 1949. 
Miss LaZan took an active interest in the 
affairs of the AIEE Cleveland Section. 
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Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grade of Member, have been re- 
ceived from the following candidates, and any member 
objecting to election should so notify the Secretary before 
December 25, 1954, or February 25, 1955, if the appli- 
cant resides outside of the United States, Canada, or 
Mexico. 


To Grade of Member 


Appleby, J. H., La Electricidad de Caracas, Caracas, 
Venezuela, S. A. 

Campbell, W. B., Federal Communications Commission, 
Washington, D.C. 

Lomas, A. E., Automatic Electric Company, Chicago, 
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Narter, A. N., American Bureau of Shipping, New Yorn 
N.Y. 


Rex, CG HL, General Electric Company, West Lyna 
Mass. J 

St. Clair, H. V., Carthage Machine Co., Carthage, N.¥ 

Sutton, GC. T. W., Enfield Cables Ltd., Brimsdow 
Middlesex, England 

Tucker, J. H. L., Parolle Electrical Plant Co. Ltd., Ne 


castle Upon Tyne, England 
8 to grade of Member 5 


Recommended for Transfer 


The Board of Examiners at its meeting of October 2% 
1954, recommended the following members for transfe ; 
to the grade of membership indicated. Any objection} 
to these transfers should be filed at once with the Sec: 
tary of the Institute. A statement of valid reasons fc 
such objections must be furnished and will be treated 


confidential. 


To Grade of Member 


Alspach, P. H., mfgr. development mgr., General Elee 
tric Co., Schenectady, N.Y. | 

Bachtel, W. C., design engr., General Electric Cos 
Schenectady, N.Y. gy 

Barr, H. V., div. mgr., Tidd Generating Station, Ohi 
Power Co., Brilliant, Ohio . 

Boyd, J. A., asst. prof. of elec. engg., University ¢ 
Michigan, Ann Arbor, Mich. 

Brown, J. D., proposition engr., General Electric 
Lynn, Mass. 

Byrne, E. J., elec. engr., Barrett Div., Allied Chemical é 
Dye Corp., New York, N.Y. 

Cairone, A. R., consulting & application engr., Westing; 
house Elec. Corp., New York, N.Y. } 

Christlieb I. A., mgr., Sociedad Electro-Mecanice: 
S.A., Mexico, D.F. ; 

Courte, F. E., div. plant engr., Southwestern Bell Tez 
Co., Fort Worth, Tex. 

Dea, D. Y. F., member of technical staff, Hughes Aix 
craft Co., Culver City, Calif. 

Elrod, J. L., mgr. marketing, distribution transf. dept’ 
General Electric Co., Pittsfield, Mass. 

Eskin, H., consulting & application engr., Westinghous: 
Electric Corp., Buffalo, N 

Fink, R. C., electrical engineer, Water & Power Dept! 
City of Los Angeles, Calif. { 

Fitzpatrick, F. R., relay specialist, Westinghouse Electr 


orp., Newark, N.J. : i 

Flores, Re. V., president, Servicio Electrico, S.A} 
Mexico, D.F. 

Hafstrom, J. R., systems techniques mgr., electronic 
centre, General Electric Co., Ithaca, N.Y. 

Helm, M. S., professor of elec. engg., University o 
Illinois, Urbana, Ill. 

Henson, R. J., engg. supervisor, General Electric Co: 
Philadelphia, Pa. 

Johnson, R. W., senior staff engr., plant engg. dept) 
Corning Glass Works, Corning, RY. ; 

Jontz, W. M., relay & carrier engr., Arkansas-Missour 
Power Co., Blytheville, Ark. 

Kaldenberg, W. G., elec. engr., Power-Plant Engg. Div. 
Iowa Power & Light Co., Des Moines, Iowa 

Keller, C. L., supt. underground dept., The Toled' 
Edison Co., Toledo, Ohio 

Kravetz, R., elec. engr., David Taylor Model Basin 
Washington, D.C, 

Krings, F. C., application engr., General Electric Co. 
Schenectady, N.Y. 

Kussmaul, E. E., president, Kelek Co., Norwood, Mass 

Lawrence, R. E., Jr., plant extensions engr., Carolin 
Tel. & Tel. Co., Tarboro, N.C. 

Maxwell, B. M., engr., Tennessee Valley Authority 
Knoxville, Tenn. 

Meyer, J. H., overhead design engr., Memphis Light 
Gas & Water Div., City of Memphis, Tenn. 

Meyers, N. H., sales engr., General Electric Co., Spo 
kane, Wash. 

Mulhern, G. M., engr., Electricity Supply Board, Dub 
lin, Ireland 

Newman, Albert, chief engr., Homelite Corp., Por 
Chester, N.Y. 

Parker, H. W., div. mgr., International Testing Service 
Div. of Jackson & Church Co., Saginaw, Mich. 

Paskevich, A. F., chief elec. engr., Solvay Process Div. 
Allied Chemical & Dye Corp., Syracuse, N.Y. 

Petruska, J. J., elec. engr., Newport Industries, Inc. 
Pensacola, Fla. 

Pharis, J. H., Jr., mgr., apparatus sales, General Electri 
Co., Roanoke, Va. 

Price, C. D., Jr., application engr., General Electric Co 
Schenectady, N.Y. 

Riley, R. N., engr., Westinghouse Elec. Corp., Friend 
ship Intl. Airport, Baltimore, Md. 

Ringstrand, R. C., engr., Northwestern Bell Tel. Co 
Des Moines, lowa 

Rockwell, O. M., elec. engr., Palmer & Baker, Inc 
Mobile, Ala. 

Scoville, C. J., supt., elec. maint. & constr., Portlan 
General Elec. Co., Portland, Oreg. 

Surber, W. H., Jr., assoc. prof. of elec. engg., Princeto 
Univ., Princeton, N.J. 

Tuttle, E. J., planning engr., Oklahoma Gas & Ele 
Co,, Oklahoma City, Okla, 

Utlaut, W. F., electronic engr., National Bureau 
Standards, Boulder, Colo. 

Wallfred, J. E., bldg. & eqpt. engr., Northwestern Be 
Tel. Co., Des Moines, Iowa 

Were, A. E., design engr., General Electric Co., Phil: 
delphia, Pa. 
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A program of co-ordinated action by edu- 

cators, engineering and scientific societies, 
and industry directed at improving secondary 

education in science and technology was 
enunciated recently at the fifth annual 

Thomas Alva Edison Foundation Institute, 

which was held under joint auspices of 
the Foundation, the Engineering Manpower 

“Commission of Engineers Joint Council, and 

_ the Scientific Manpower Commission. 

4 Viewing the problem of bringing into line 
_ the quality and quantity of scientific training 
_ of the nation’s youth with the rapidly mount- 
ing demand for competent personnel, the 
_ assembled group of some 70 educators, engi- 

neering and scientific leaders, and indus- 

_ trialists urged that all 3 groups must co-oper- 

ate in forging a vital tool in today’s “‘tech- 

_ nological cold war.” 

_ Among the means proposed to achieve the 

__ objective, as expressed in a report adopted 

_ by the entire conference, were intensive efforts 
_ to communicate the need for both highly 

_ trained teachers and students well prepared 

to take their places in technology. Such 

_ spreading of the gospel of scientific prepared- 

ness, it was suggested, should be undertaken 
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Thomas Alva Edison Foundation Institute 


Proposes Scientific Training Program 


at all levels from industry, government, and 
scientific societies, down to the local levels in 
individual communities. Designation of some 
central agency to promote such a program 
was regarded as of paramount importance in 
upgrading the present level of instruction, 
and attracting more students into both 
teacher-training and into scientific pursuits. 

Other elements in the report urged that 
steps be taken to increase the prestige of 
science teachers at the secondary school level; 
accord them more definite professional stand- 
ing; set higher salaries for teachers in gen- 
eral, possibly with special recognition of the 
worth of advanced training and degrees. 

It also was suggested that more use might 
be made of such visual aids as motion pic- 
tures and television in the field of science edu- 
cation as a means of improving teacher effec- 
tiveness and stimulating student interest. 
Other procedures advocated in the com- 
bined thinking of the group included more 
and larger scholarships and prizes; expan- 
sion of vocational guidance facilities and ac- 
tivities; and close study of the curriculum to 
insure proper emphasis on needs for edu- 
cation in science. 


Radar Height-Finder Developed 
to Detect High-Flying Aircraft 


A powerful new radar height-finder being 
made by the General Electric Company in 
Syracuse, N.Y., for the U.S. Air Force is 
helping to strengthen defense networks of the 
United States and its allies. 

The engineers say the radar’s energy, con- 
centrated in a narrow beam like that of a 
searchlight, detects planes three times as far 
as previous units of this type; exact range is 
classified. The radio energy transmitted by 

the radar is so powerful that it can light 
fluorescent lamps over 100 feet away, and 
can ignite flashbulbs tossed into the air 


immediately in front of the antenna. 

It is being used together with search radar 
to provide information on distance, altitude, 
and flight direction of high-flying aircraft. 

General Electric is making the new radar 
in mobile and fixed versions. It has already 
supplied a large quantity for use in strength- 
ening the radar fences guarding the North 
American continent, and for defense posts in 
countries receiving aid from the United 
States under the Mutual Defense Assistance 
Pact. Additional units are being produced 
for similar use. 
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Height-finder and 
search radars work 
asateam. Data are 


fed from the radars 
to this control center 
in the radome bui!d- 
ing and are then re- 
layed to fighter bases 
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Future Meetings of Other Societies 


American Society of Mechanical Engineers. Annual 
Meeting. November 28—-December 3, 1954, Statler 
Hotel, New York, N. Y. 


American Society of Refrigerating Engineers. 50th 
Annual Meeting. November 28—December 1, 1954, Ben 
Franklin Hotel, Philadelphia, Pa. 


1st International Automation Exposition. November 
29—December 2, 1954. 242d Coast Artillery Armory, 
New York, N. Y. 


21st National Exposition of Power and Mechanical 
Engineering. December 2-7, 1954, Philadelphia, Pa. 


Signal Corps Engineering Laboratories—Wire and 
Cable Industry. 3rd Annual Wire and Cable Sym- 
posium. December 7-9, 1954, Berkeley Carteret Hotel, 
Asbury Park, N. J. 


American Management Association. General Manage- 
ment Conference. January 24-27, 1955, Statler Hotel, 
Los Angeles, Calif. 


American Society of Heating and Ventilating Engi- 
neers. 61st Annual Meeting. January 24-28, 1955, 
Philadelphia, Pa, 


Huge antenna used with new radar height- 
finder needs a room all its own above the 
control center in the radome building 


erected in Arctic climates. Air pressure 

supports the rubberized glass fabric 

radome ‘‘balloon.’? Entrance to the ra- 
dome is through an air lock chamber 


In Arctic climates, the radar is housed in a 
dome-shaped circular structure with a bal- 
loon-like radome made of woven glass fabric, 
impregnated with a rubber compound. 
The radome is supported by air pressure, 
about a half pound per square inch, and can 
withstand winds up to 125 miles per hour. 
The radome protects the radar antenna from 
Arctic gales, snow, and ice. 

Engineers of General Electric’s heavy 
military electronic equipment department, 
and the Griffiss Air Force Base at Rome, 
N. Y., collaborated in developing the radar. 
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Three Electronic Thickness Gauges 
Used for Metallic Coatings 


Three types of instruments for measuring 
the thickness of electrodeposited coatings 
have recently been developed by the Na- 
tional Bureau of Standards (NBS). While all 
three instruments depend upon the difference 
in electric conductivity between the plat- 
ing and the basis metal, each makes use of dif- 
ferent methods for sensing specimen resist- 
ance. ‘Two of the instruments, the ‘‘Dermi- 
tron” and the phase-angle thickness meter, 
utilize electromagnetic coupling to the speci- 
men, making use of the reflected field from 
eddy currents induced in the specimen. A 
third, a waveguide inspection tool, employs 
direct conductivity measurement with point 
electrodes. All three devices permit simple 
nondestructive determination of plating 


(Top). The Electronic Thickness Gauge, the 
‘‘Dermitron,’’ provides a particularly con- 
venient means for measuring the thickness 
of plated coatings on silverware. (Center). 
The Phase-Angle Thickness Meter fea- 
tures insensitivity to variations in the 
probe-to-sample spacing in determining 
the thickness of silver plating on a non- 
magnetic metal. (Bottom). The Wave- 
guide plating indicator uses conductance 
measuring techniques to determine the 
thickness of the internal plating. 
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thickness of sample thickness for homogene- 
ous metals. When appropriately calibrated, 
they can be used for measurement of mag- 
netic as well as nonmagnetic materials. 

The Dermitron senses the reflected flux in a 
single coil which is excited with high-fre- 
quency current when it is in close proximity 
tothespecimen. The probe coil is very small 
and is designed to be held in physical contact 
with the sample. Its miniature size makes 
it possible to measure plating thicknesses of 
small specimens and sharply-curved surfaces. 
When the instrument is calibrated for the 
specific use, measurements can be made on 
combinations of metals regardless of whether 
either coating or basis metal is magnetic or 
nonmagnetic. The instrument is portable 
and direct reading and should provide a con- 
venient means for routine testing of a manu- 
facturer’s output. 

The phase-angle thickness meter relies 
on the measurement of reflected electromag- 
netic field with a separate pickup coil. For 
this it requires a somewhat more complicated 
electronic circuit. Through a bucking trans- 
former arrangement, a voltage is derived 
whose phase shift is a direct function of the 
specimen conductivity, Measurement of 
phase change thus provides a means to indi- 
cate plating thickness. Originally developed 
for the rapid, continuous measurement of the 
thickness of silver plating on such large areas 
as stainless-steel waveguides, it offers insensi- 
tivity to variation in probe-to-sample spac- 
ing. With suitable calibration, the instru- 
ment can also be used on magnetic materials, 
but probe-to-sample spacing must be con- 
trolled. 

The Waveguide Plating Quantity Indi- 
cator was developed to permit measurement 
on both nonmagnetic and magnetic mate- 
rials without change of calibration. The 
specific application was for use on wave- 
guides having an intermediate layer of nickel 
of unknown thickness between the silver and 
stainless steel. In the instrument, direct cur- 
rent is passed through the specimen, and the 
voltage drop across a known distance is 
measured. While the silver plating is on the 
inside of the waveguide, its effect on the d-c 
conductivity measurement is the same as for 
outside plating. Thus the probe electrodes 
can be arranged to make contact on the 
outer surface, simplifying the measurement 
procedure. 

A large part of the metal products manu- 
factured in this country are clad or coated 
with another, usually more expensive. metal 
to obtain special surface properties such as 
corrosion resistance, wear resistance, or im- 
proved appearance. For process control and 
inspection of the finished product, rapid, 
reliable procedures for measuring the thick- 
ness of the metallic coatings are required. 
While a great number of methods, based on 
almost every property of metals, have been 
developed for this purpose, few of these are 
nondestructive and direct-reading. Mag- 
netic gauges, such as the NBS-developed 
Magne-gauge, are used most widely, but they 
are limited to combinations in which at least 
one of the metals is ferromagnetic. Beta-ray 
and X-ray thickness gauges are capable of 
fairly general application, but their high 
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cost makes them suitable only for large plant 
having considerable volume or production) 
The beta-ray gauge also has the disadvantage 
that its use is limited to large objects. The 
demand for a nondestructive test methoq 
which could be made with a portable eco 
nomical instrument led to the development o 2 
the three NBS gauges, each designed for z 
specific application. | | 
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National Science Foundation Makes 
216 Grants in Support of Science 


The National Science Foundation has 
announced 216 grants totaling about 
$2,650,000 for support of basic research im 
the natural sciences, for conferences and 
studies on science, for scientific information: 
exchange, for scientific manpower, and fon 
travel of American scientists to international, 
scientific meetings. 

This is the first group of awards to be made 
during fiscal year 1955 by the Foundation for 
the support of basic research and related mat-. 
ters. Since the beginning of the program inj 
1951, over 1,100 such awards have been: 
made, totaling about $11,141,000. In addi-- 
tion, the first grant totaling $100,000, was: 
made under a special appropriation er the: 
International Geophysical Year. 

The research fields included are astronomy, ; 
chemistry, developmental biology, earth sci-- 
ences, engineering sciences, environmental! 
biology, genetic biology, mathematical sci-- 
ences, molecular biology, physics, psycho-. 
biology, regulatory biology, and systematic: 
biology. 


Steam-Electric Generating Unit 
Added to AGE Power System 


Plans for further expansion of the American} 
Gas and Electric Company (AGE) system) 
by the construction of a 225,000-kw steam-. 
electric generating unit were announced re-: 
cently. 

The new unit, to be built at an estimated! 
cost of $26,400,000, will be an addition to the: 
Glen Lyn Plant of the Appalachian Electric’ 
Power Company, an AGE operating com-. 
pany subsidiary. The plant is located on the’ 
New River at Glen Lyn, Va., in the western 
Virginia panhandle. 

The unit will be the sixth of a series of. 
215,000-kw or slightly larger machines on the 
7-state AGE system. Four of these units, 
the only high-pressure units of this capacity 
operating anywhere in the world today, have 
been placed in service on the AGE system 
in the past 15 months; the fifth such unit, 
now nearing completion, is scheduled for 
operation in about 2 months. 

The new unit will burn an additional 600,- 
000 tons of coal per year, all of which will 
come from producers in the Glen Lyn area. 
Construction is expected to start this fall and 
to be completed in late 1956. The new unit 
will more than double Glen Lyn’s present 
generating capability, raising it to 395,000 
kw. Now ranking ninth in size among the 
AGE system’s power stations, Glen Lyn will 
rank sixth following the expansion. 

Total generating capability of the entire 
AGE system will be boosted to 4,330,000 kw 
with the completion of the new unit. Of 
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this amount, 2,710,000 kw will have been 
added since World War II in an unprece- 
dented expansion program which has kept 
Pace one step ahead of the continuing 
growth and development of the territory 
served by the system. 

_ The new unit will operate at a steam pres- 
sure of 2,000 pounds per square inch and at a 
‘steam temperature of 1,050 F. It is ex- 
pected to produce a kilowatt-hour of electric 
energy from about 7/10 of a pound of coal. 


"Clarence Decatur Howe Awarded 
1954 Guggenheim Medal 


Toe 


“ 


. The Right Honorable Clarence Decatur 
Howe, Minister of Trade and Commerce 
and Minister of Defense Production of the 
_ Dominion of Canada, has been awarded 
the Daniel Guggenheim Medal for 1954. 
Mr. Howe was cited “for initiating and 
; “organizing commercial air routes and services, 
_ promoting aeronautical research, develop- 
ment and production of aircraft and engines, 
_ and advancing the art of aeronautics.” 


— 


_ Research Reports Made Available 
__ by U.S. Department of Commerce 


Manufacturers and research laboratories 
are urged to make more use of the growing 
_ stockpile of research reports released by the 
_ Office of Technical Services (OTS) of the 
_U.S. Department of Commerce. 
The Government is conducting or sponsor- 
_ ing scientific and technical research at a cur- 
rent rate of more than $2 billion a year, 

mostly for defense purposes. By far the 

largest share represents applied research and 

development. This research generates a 
vast amount of nonconfidential technical in- 
formation that is available to businessmen 
who are interested in developing new pro- 
duction processes, in making technological 
improvements, and in avoiding duplication 
of research efforts. Even ideas for new prod- 
ucts have been sparked by these reports. 

Some 350 such reports are described each 
month in U. S. Government Research Reports, 
which is available from the U. S. Department 
of Commerce or any of its field offices at $6 
a year. 

The research covers nearly every field of 
industrial activity, including chemicals, 
plastics, paints, electric machinery and 
electronics, foods, fuel and lubricants, instru- 
mentation, leather, lumber, metals, minerals, 
paper, ordnance, physics, rubber, textiles, 
aeronautics, transportation, water supply, 
and other items. 


New Automatic Electric 
Cable Inspector Developed 


A new cable-inspector device using an 
automatic electric-wiring inspection  sys- 
tem based on continuous-scanning circuitry 
has been developed by Panascan, Division of 
Panellit, Inc., Skokie, Ill. 
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Cable inspector being used to check insula- 
tion resistance of multiconductor cables 
installed in a control cubicle 


One of the unique features provided to 
construction and maintenance technicians 
by this device is automatic megging. Con- 
ductors are scanned at the rate of 1 per 
second. ‘The standard unit is capable of 
checking insulation resistances to 110 meg- 
ohms at 350 volts direct current. Higher re- 
sistance limits and test voltages can be 
furnished if required. This sensitivity is 
achieved by an electronic leakage detector. 

The inspector device can automatically 
identify individual wires in multiconductor 
cables, conduit, wireways, and terminal boxes 
in about 1/12,500 the time required by slow 
manual methods. On a group of 100 wires, 
10,000 tests of interconductor insulation re- 
sistance and insulation resistance to ground 
are performed in 200 seconds. 

This equipment is designed for original 
test and maintenance of control cables, trans- 
mission lines, instrument and control panels, 
feeder and branch circuits, thermocouple 
leads, and communication lines, particularly 
in the chemical processing industry. 


Radar Aids in Traffic Control 
at Highway Intersections 


Radar equipment has been harnessed to 
work as a component in _ high-efficiency 
traffic signal control. This development is 
the accomplishment of Eastern Industries, 
Inc., Automatic Signal Division at Norwalk, 
Conn. An installation has recently been put 
into operation in Norwalk, where eight sepa- 
rate lanes of vehicles converge at a compli- 
cated physical layout, and this system has 
demonstrated its ability to handle traffic 
with superhuman efficiency. The equipment 
is now in commercial production and many 
installations will shortly be made in various 
streets and highways throughout the country. 

With radar detection at a highway inter- 
section, a beam of microwaves from an over- 
head “‘eye” is directed down each of the 
intersecting streets. These “eyes,” or per- 
haps more properly termed antennas, are 
relatively small units adaptable to mounting 
on post or arm in such a position that their 
controlled beam of microwaves is focussed 
upon oncoming traffic lanes. Installation 
and adjustment are such that vehicles enter 
the zone of the beam between 100 and 400 
feet from the intersection, depending upon 
traffic and geographical characteristics. 

As each moving vehicle comes to the detec- 
tion area, the microwaves impinge upon it a 
portion of the energy being reflected back 
and picked up by the small overhead anten- 
nas. This system of radar detection is sensi- 
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tive to vehicle motion at all speeds, so that 
there is supplied to the controller a record of 
the pattern of approaching traffic. Each 
vehicle registers its approach but once. 

The power required by the radar com- 
ponent of a traffic-actuated signal system is 
extremely small. Drivers and pedestrians 
usually are completely unaware of its opera- 
tion. The radar equipment is unaffected by 
weather or other normally attendant condi- 
tions. ‘The units are designed for ease of 
mounting and installing, and are ordinarily 
not noticed by passing traffic. One unit 
properly positioned and adjusted is sufficient 
to scan each entering street. It will pick up 
and send to a highly efficient electronic brain 
the accurate and around-the-clock picture of 
the approach pattern of traffic. 

Radar added eyes to the traffic controller 
brains so that they may operate on the de- 
mand principle. Approaching vehicles signal 
their approach, their number, and spacing, 
so that the actuated controller can respond 
and apportion the green light in accordance 
with the ever-changing traffic pattern at the 
intersection. Thus the right-of-way is 
allocated on the basis of actual demand and 
the inefficiency and loss of time caused by 
the shifting of the green light to an empty 
street, while impatient motorists wait, is 
eliminated. 

The green light remains on each street for 
varying lengths of time depending upon 
changing traffic conditions. The electronic 
brain guarantees a certain green protection 
time to each car moving into the intersection 
on the street having right-of-way. This pro- 
tection time is reset and retimed for each car 
as it arrives, thereby cancelling out the un- 
expired portion of the previous protection 
time. This process is repeated until a pro- 
tection time interval expires before a follow- 
ing car is detected. This informs the elec- 
tronic brain that a gap has occurred in mov- 
ing traffic of sufficient length to warrant 
starting traffic on the other street into motion. 

A single car waiting against the red light 
will exert a reducing effect against the allow- 
able gap interval on the opposing street and 
will make it progressively more difficult for 
the moving-traffic street to hold the green 
light. 

There are occasionally times when volumes 
are so heavy that practically bumper-to- 
bumper conditions occur. If this happens 
there is an over-all circuit which will shift 
the right of way at the end of a predetermined 
maximum time even when radar impulses 
from traffic moving through the intersection 
are received at such short intervals that the 
control is unable to detect a gap interval that 
would warrant transfer of right-of-way. 


Magnetic Tape Player 
Gives Voice to Displays 


The human voice gets just as tired over 
long periods as the muscles in your back, 
but until recently not many satisfactory 
substitutes have been found. An interesting 
stand-in for the voice is the Salesmaster, 
manufactured by the Salesmaster Corpora- 
tion, Los Angeles, Calif. It is an endless 
magnetic tape player, which can be used in 
all sorts of situations requiring a substitute for 
the human voice. Requests have been made 
for its use at displays in public buildings, in 
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Versatile magnetic tape recorder 


factories for guided tours, as well as to give 
voice to sales displays and dummies. 

The 10-minute time capacity of its tape 
permits the use of a number of different 
messages. A regulator on the machine turns 
itself off and on for varying periods, and ad- 
vances the tape to the next message. The 
dial can be set for varying delay periods. 
To increase its versatility, the instrument has 
plug-in jacks for a spotlight to shine on the 
display, a hand microphone, and extra 
speakers. Also included is an attachment so 
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INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Induction Heating of Steel 


To the Editor: 


The design of induction-heating coils for 
magnetic loads is a problem of considerable 
importance, since the majority of parts 
heated for forging, hardening, welding, and 
other purposes are made from magnetic 
steels. The areas of these parts in which 
heating currents are induced are subjected to 
highly saturating magnetic fields, to take 
advantage of the high-power densities in- 
duction heating makes possible. Conse- 
quently, the assumption that the hysteresis 
loop may be approximated by the equation 
B=unH, where vp is a constant, is unreasonable. 

In the July 1954 issue of Electrical Engi- 
neering, p. 624, appeared a technical paper 
digest, “‘Eddy-Current Phenomena in Ferro- 
magnetic Materials,” by H. M. McConnell of 
the Carnegie Institute of Technology. Mc- 
Connell’s paper (AIEE Technical Paper 
54-146, presented at the Winter General 
Meeting) shows how B=yH where uy is a 
constant may be replaced by the far more 
logical assumption B=+/—By where By 
is a constant. The plus sign of course 
applies for H positive, and the minus sign for 
H negative. McConnell’s paper should be 
compared with the “Approximate Theory” 
of AIEE Technical Paper 46-124 ‘“‘Design of 
Induction Heating Coils for Cylindrical 
Magnetic Loads,” by J. T. Vaughan and 
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that the machine can be operated manually 
by an electronic eye, or can be operated by 
a person stepping on a carpet over the foot 
treadle. 


NSPE Completes Plans for 
Headquarters Building 


Architectural and engineering plans are 
nearing completion for the new headquarters 
building in Washington, D.C., of the Na- 
tional Society of Professional Engineers. 

Located in the Northwest section of the 
Capital, the approximately $300,000 4- 
story granite-frame building will house the 
executive and administrative offices of the 
33,000-member Society. 

Financing of the new headquarters will be 
handled through the sale of building fund 
participation certificates to the membership. 
Contracts for the building will be awarded 
around the first of the year, and construction 
will begin in January. The Society plans to 
occupy the new headquarters by the early 
fall of 1955. 
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stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


J. W. Williamson, published in vol. 66 of 
the AIEE Transactions. 

In their ‘Approximate Theory,” Vaughan 
and Williamson also assume that the hys- 
teresis loop for the load material may be 
approximated by B=+/—By, where By 
is a constant. Both articles consider the 
effect of a sine wave voltage applied to a 
large-diameter load and arrive at the same 
waveshape (Vaughan and Williamson’s 
equation 26 or McConnell’s equation 22) for 
the current. This waveshape, along with 
the instantaneous depth of current pene- 
tration 6, is plotted in Fig. 9 of Vaughan and 
Williamson’s paper. The current in the 
load—or the current through the induction- 
heating coil—is proportional to the square of 
the volts to the load per unit of perimeter or 
circumference. 

Still assuming a sine wave voltage applied 
to the load, Vaughan and Williamson arrive 
at a theoretical ratio of watts to volt-amperes 
to the load of 0.895, although their measured 
ratio of watts to volt-amperes was 0.802. 
Since complete equations apply in any con- 
sistent set of units, their equation 33 may be 
rearranged slightly and written: 


Watts per square inch =2.52 (rms ampere 
turns per inch)*/2 VW pB yf 


where the “rms ampere turns per inch” are 
those acting on the load, p is the resistivity 
of the load in ohm inches, By is in webers 


Of Current Interest 


per square inch, and f is the frequency i 
cycles per second. 

Rather than a sine wave voltage, McCon 
nell now assumes a sine wave current 
From his equations 52 and 54, the ratio © 
watts to volt-amperes to a large-diamete: 
load, for this case, comes out 0.714. McCon 
nella equation 52, which also assumes a sin 
wave current, reduces to: 


Watts per square inch =2.53 (rms ampere 
turns per inch)’/2 V oBu. 


It is of interest to compare theoretica 
conclusions with experimental results 
Vaughan and Williamson were unable t 
achieve a pure sine wave of voltage appliec 
to their loads, since the number of magnetic 
flux lines in the air gap between the load anc 
induction heating coil was appreciable 
Therefore, it is easy to see, from the 0.71+¢ 
ratio (assuming sinusoidal current) of watt: 
to volt-amperes of McConnell’s article 
why Vaughan and Williamson’s measurec 
ratio of watts to volt-amperes of 0.802 was les: 
than their calculated ratio of 0.895. Despite 
the fact that Vaughan and Williamson as 
sume sine wave voltage, while McConnell as 
sumes sine wave current, their relation: 
connecting watts per square inch and am 
peres per inch in a large-diameter load are 
identical (within the limits of slide rule 
accuracy) and may therefore be thought of a: 
a single relation which applies whethe: 
either the voltage or current varies sinusoid: 
ally with time. Vaughan and Williamsor 
give a check of this relationship at a loac 
temperature of 210 F. While the agreemen: 
here is excellent, more checks would be de 
sirable. Above 900 F, with carbon stee 
loads, compressive mechanical stresses nea: 
the outside of the load apparently reduce 
the flux density By, which is_ therefore 
very difficult to calculate. I have used tha 
‘‘Approximate Theory’? in the article b) 
J. T. Vaughan and myself for load temperas 
tures up to about 900 F with fairly gone 
results. 

J. W. WILLIAMSON ara 


(Consultant Electrical Engineering, Cleveland, Ohio) 


To the Editor: 


I wish to acknowledge receipt of the comm 
munication by Mr. J. W. Williamson r 
garding his paper 46-124, written jointl 
with Mr. J. T. Vaughan. It was throug} 
oversight that I did not refer to that paper ii 
my work on eddy currents. It is encou 
aging to note that the limiting nonline 
theory has been used successfully in the d 
sign of induction heating apparatus. 

‘“Mr. Williamson writes that the ratio. 
watts to volt-amperes for sine wave current i 
0.714, from equations 52 and 54 of m 
article. He has informed me privately tha 
in computing this ratio, the voltage used w 
the rms of the nonsinusoidal waveform of m 
equation 54. Thus the voltage and curre 
are both given as read on rms meters, ani 
the volt-amperes are taken to be the produ 
of these two readings. Perhaps it shoul 
be made clear that this product is not th 
same as the volt-ampere product using fund 
mental components. It is the latter produc 
which is indicative of the power factor of t 


eddy-current load, as given in my equatio 
56a 


H. M. McCONNELL (AM?4$ 
(Carnegie Institute of Technology, Pittsburgh, Pa.) 
“iy 
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IN A 
WIDE RANGE 
OF SIZES AND 


RESISTANCE 
VALUES 


Over-all 

Style length Diameter 

RW-29 1-3/4” 1/2” 
y RW-30 i 19/32” 
TAB RW-31 1-1/2” 19/32” 
TERMINAL set ry Ve 
a Ey 
TYPE RW-34 29/32” 


Characteristics RW-35 29/32” 
G, F, and V RW-36 1-5/16” 
RW-37 1-5/16” 
RW-38 8 1-5/16” 
RW-47 i 1-5/16" 


FERRULE- ae 
TERMINAL 1-5/16" 
TYPE 


Characteristics 
G, F, and V 


FLAT TAB- 
TERMINAL 
TYPE 


(Stack Mounting) 
Characteristic G 


Length of 


AXIAL- Style Core** Diameter 


RW-55 1-3/8” 5/8” 7 
TERMINAL ut lee ne 
TYPE *Watts free air MIL Characteristic “F” or “G” **2-1/2" wire leads 
Characteristics Watts free air MIL Characteristic “G” 


G and V + {Watts free air MIL Characteristic “V” 


saves design-in time 


ACTUAL 
SIZE! 


MICRODOT® 


World’s 
smallest COAX 
connectors, 
cables and 
assemblies 


Specify world’s most flexible line... Microdot 
Connectors and Mininoise®cable. 7 Kits now 
equipped with Microdot’s unique ¥,0z. hand tool 
... Makes possible thousands of new coax combi- 
nations ... including missile harnesses requiring 
minimum size and weight. Write for data. 


MICRODOT® 


1826 FREMONT ST. 
SO. PASADENA, CALIF. 


SSS 


= 


Handle heavy reels easily and 
safely; remove wire or cable from 
top or bottom, front or back of 
reel with 


ROLL-A-REEL 
wm é 


2,000 Ibs. cap. 
37.50 

Style B: 

4,000 Ibs. cap. 
75.00 

F.O.B. Cincinnati 


Low slanted tront and 
positive front lock 
insure quick loading 
or unloading. 


\ Eliminate jacks, cum- 
bersome handling. 


Carried easily 
to reels, job 
or storage. 


~~ Sold through 
a wholesalers only. 
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General Electric Notes. Establishment of 
a new communication equipment center in 
Redwood City, Calif., has been announced 
by the General Electric Company. The 
new facility will help serve the greatly in- 
creased demand for General Electric 2-way 
radio equipment in the western states. 
The company will lease a building to be 
constructed at the corner of Douglas and 
Broadway in Redwood City. The new 
center is expected to be completed by the 
first of the year. Irvin H. Webster has 
been appointed manager of the new center. 

William A. Mulcock has been named 
regional manager of the company’s Air 
Conditioning Division. His headquarters 
will be in Chicago, Ill. Mr. Mulcock re- 
places Lincoln M. Larkin who has resigned 
to accept the position of sales manager of 
the Industrial Division of Seeger Refriger- 
ator Company in Evansville, Ind. 


Ilsco Changes. Announcement has been 
made of change in ownership and name of 
Ilsco Copper Tube and Products, Inc., 
Cincinnati, Ohio. The company has been 
acquired by Oliver L. Bardes, Cincinnati 
industrialist. The name of the company 
has been changed to Ilsco Corporation. 
Operations are continuing as in the past 
with the same management and progressive 
policies and with Andrew H. Stubbers as 
president. 


Kaiser Aluminum Expansion. Kaiser 
Aluminum and Chemical Corporation 
recently has acquired a forging plant at 
Erie, Pa. The Erie plant can produce 
aluminum die forgings up to 150 pounds in 
weight, and has a rated capacity of 12 to 
15 million pounds of forgings per year. 
Acquisition of the Erie plant follows a 
recent announcement that construction 
will start about January 1 on a multi- 
million dollar aluminum sheet and _ foil 
rolling mill on an Ohio River site near 
Ravenswood, W. Va. 


Representatives for Standard Trans- 
former. The Standard Transformer Com- 
pany, Warren, Ohio, has announced the 
appointment of the Charles L. Ward Com- 
pany as its exclusive representative in the 
states of Iowa and Nebraska. The Ward 
Company maintains offices at 5707 Water- 
bury Circle, Des Moines 12, Iowa, with 
Mr. George Swallow, manager; and at 502 
Grove Avenue, Corning, Iowa, Mr. 
Joseph Connolly, manager. 

J. L. Howarth Company, 2550 Beverly 
Drive, Birmingham 9, Ala., has been 
appointed as exclusive representative for 
the company in the states of Alabama and 
Georgia. 


Irvington Promotion. Paul L. Hedrick 
has been assigned as technical service 
manager for Irvington Varnish and Insu- 
lator Division of Minnesota Mining and 
Manufacturing Company. In his new 
position Mr. Hedrick will serve as liaison 
between sales and the research laboratory 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


NOTES = ae. 


on the development of new products, with 
headquarters in the division’s home plant 
and offices at Irvington, N. J. 


Director Elected. The Rockland Light 
and Power Company, Nyack, N. Y., has 
announced the election of Ralph E. 
Trower as a director of the company. Mr. 
Trower, treasurer of Rockland Light and 
Power since 1948, has been associated 
with the company for 35 years and was 
assistant treasurer from 1938 to 1948. 


Westinghouse Appointments. A. C. 
Meixner has been appointed assistant sales 
manager of apparatus products for West- 
inghouse Electric Corporation. He joined 
Westinghouse in 1930. After completing 
the company’s graduate student training 
course, he was assigned to the transporta- 
tion and generator sales department, and 
in June 1941 was named manager of the 
department’s generator section. 
Succeeding Mr. Meixner as manager of 
the generator sales section is C. M. Brinsley 
who has been in that section since 1942. 


Cope Appoints Bradley Company. T. J. 
Cope, Philadelphia, Pa., has announced 
the appointment of the Bradley Company, 
also of Philadelphia, as sales representative 
for its complete line of cable trough and 
cable installation equipment. The terri- 
tory will include: Eastern Pennsylvania, 
Southern New Jersey, and Delaware. 


Carbide and Carbon Appointment. 
Robert F. Hyland, formerly with the Cali- 
fornia Research and Development Com- 
pany, Livermore, Calif., has been appointed 
to the staff of the Oak Ridge National 
Laboratory, Oak Ridge, Tenn., an atomic 
energy installation operated by Carbide 
and Carbon Chemicals Company, a divi- 
sion of Union Carbide and Carbon Corpo- 
ration. 


General Smith Elected Vice-Chairman. 
General Walter Bedell Smith, who retired 
as Under Secretary of State recently, was 
elected vice-chairman of the board of direc- 
tors of American Machine and Foundry 
Company. General Smith will have broad 
administrative duties and is expected to 
play a key policy-making role in the com- 
pany. 


NEW PRODUCTS ee 


Cathode-Ray tube. The General Electric 
Company has developed a new 5-inch 
cathode-ray tube for radar applications, 
with a high-resolution electron gun pro- 
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Minimize Calibration Time With Versatile, Easy-to-use 
General Electric Instrument Standardization Console 


’ 


PROVIDES REGULATED POWER SUPPLIES FOR 


The General Electric instrument stand- 
ardization console provides regulated 
power supplies for precise calibration of 
a wide range of electric instruments. 


HIGHLY ACCURATE, the console provides 
facilities for referring both d-c and a-c 
measurements to a standard cell, or to a 
laboratory standard instrument. 


WIDE RANGES of a-c and d-c power sup- 
plied by the console facilitate the cali- 
bration of voltmeters, ammeters, fre- 
quency meters, and many others. Both 
a-c and d-c standardization tests can be 
made up to 750 volts, or 150 amperes; 
with low-distorted a-c frequencies from 
50 to 3000 cycles. 


FOR FURTHER INFORMATION about the 
General Electric instrument standardiza- 
tion console, contact your nearest G-E 
representative, or clip coupon below for 
Bulletin GEA-6005. 


GAUSSMETER 


CONVENIENT, POCKET-SIZE G-E meter facil- 
itates checks of flux density and direc- 
tion in magnetic gaps. Ideal for use in 
small or congested areas. Price includ- 
ing reference magnet and case, $67.10.* 


PRECISE INSTRUMENT CALIBRATION 


Convenient range- and circuit- 
selector controls and indicators 


Non-magnetic work 
table 


Easy-to-reach operating 
controls 


Large, usable storage 
area 


laboratory-standard, portable, small-panel, 
switchboard, and recording instruments. Re- 
quires only normal 115-v, 60-cycle source. 


HIGHLY VERSATILE, the General Electric 
console has necessary switches, busses and 
indicators for calibration of a-c and d-c 


INDICATING FLUXMETER 


SECTION A605-76 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, N. Y. 

Please send me the following bulletins: 


(CD Instrument Standardization Console (GEA- 
6005) 7 


C1 Instantaneous Vapor Detector (GEC-1275) 
C Photoelectric Recorder (GEC-245) 
O 


Equipment for Measuring Magnetic Prop- 
erties (GEC-777) 


HIGH ACCURACY AND SENSITIVITY combine 
to provide precise magnetic measurement. 
Accuracy is +1% of full-scale deflection; 
sensitivity is as high as 1 millimeter deflec- 
tion per 100 flux lines. Price is $278.50.* 


GENERAL @@ ELECTRIC 


«-« Very Low Frequencies 


RADIO INTERFERENCE 
and FIELD INTENSITY « 


measuring equipment 


Stoddart NM-10A ¢ 14ke to 250kc 


Commercial Equivalent of AN/URM-6B 
e 


VERSATILITY. ..The NM-10A is designed to meet the most exacting labora- 
tory standards for the precise measurements, analysis and interpretation of 
VLF radiated and conducted radio-frequency signals and interference. 
Thoroughly portable, yet rugged, the NM-10A can be supplied with acces- 
sories to fulfill every conceivable laboratory and field requirement. 
EXCELLENT SENSITIVITY...The NM-10A sensitivity ranges from one micro- 
volt-per-meter to 100 microvolts-per-meter, depending upon whether rod 
or shielded loop antennas or line probe are used. 

ACCURACY... Each equipment is “hand calibrated” in the Stoddart Test 
Laboratories by competent engineers. This data is presented in simplified 
chart form. 


DRIPPROOF... Sturdy dripproof construction allows long periods of opera- 


tion in driving rain or snow without adverse effects. 


FLEXIBLE POWER REQUIREMENTS... .The ac power supply permits opera- 
tion from either 105 to 125 volts or 210 to 250 volts ac, at any frequency 
between 50 cps and 1600 cps. 


Stoddart RI-FI* Meters cover the frequency range 14kc to 1000mc 


HIF NM.208, 150ke to 25me |: WHE UHF 
Commercial Equivalent of | NM-30A, 20mc to 400mc NM-50A, 375mc to 1000mc 
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viding an exceptionally narrow trace on 
the screen. The tube, type GL-5FP/4-A, 
has a maximum line width limit specifica- 
tion of 0.25 mm. In the older GL-5FP714 
type, the maximum line width limit 
specification was 1.50 mm under similar 
operating conditions. The decrease in 
line width, or spot size, means that target 
identification will be aided considerably. 
Used in aircraft plan-position indicator 
equipment, the new tube will allow 
earlier resolution of closely grouped ground 
targets. The tube is electrically and 
mechanically interchangeable with the 
GL-5FP14 type. Its high-resolution gun 
employs smaller apertures in its grid 
structures. Further information on the 
tube is available from the General Electric 
tube department, Schenectady 5, N. Y. 


New Monitrans for Color Television. 
Two new types of monitran transmitters 
designed for the requirements of color 
telecasting have been announced by the 
Engineering Products Division, Radio 
Corporation of America. Monitrans are 
used for closed-circuit transmission of video 
and audio signals to television receivers. 
The monitran transmitters, which can be 
used also for black-and-white transmission, 
are the all-channel 7-40, which permits 
the selection by the user of any television 
channel from 2to13; and the single- 
channel 7M-47 which is delivered factory 
tuned to a channel specified by the cus- 
tomer. The all-channel monitran delivers 
a minimum of 30,000 microvolts into a 
72-ohm load, and features 24 crystals for 
independent control of each of the audio 
and carrier frequencies from channels 2 to 
13. The single-channel monitran de- 
livers a minimum of 500,000 microvolts 
into a 72-ohm load, and utilizes two sepa- 
rate crystals for the audio and video 
carriers. 


G and W Automatic Operating Mecha- 
nism. The G and W Electric Specialty 
Company has recently developed a new 
automatic transfer mechanism for use with 
oil switches, either double-throw or two 
single-throw units, supplying load from 
either of two feeders. The mechanism 
automatically transfers the load from the 
“preferred” to ‘“‘emergency”’ feeder, when 
the “‘preferred’’ feeder voltage fails. It 
throws back automatically when “‘pre- 
ferred” feeder voltage is restored. The 
mechanical and electrical details are ex- 
plained in Bulletin Number DA-F. Write 
to G and W Electric Specialty Company, 
7780 Dante Avenue, Chicago 19, Ill. 


Hartmann and Braun Lumiscript Re- 
corder. The phototrace recorder, Lumi- 


AN/PRM-1A. Self-contained | Commercial Eaui : : ' 
5 3 quivalent of Commercial Equivalent of 
batteries. A.C. supply optional. AN/URM-47, Frequency range AN/URM-17. Frenuercy range 


Includes « standard broadcast | ; ‘ ar 
band. cadio range, WWV, and includes a and ¥V bands. Spy ak a band and 


communications frequencies. 


Has BFO. 


STODDART AIRCRAFT RADIO Co., Inc. 


script, fills a gap for recording minute 
currents or voltages where a standard 
recorder is not fast enough, or an oscillo- 
graph will be too expensive. Due to 
its unique luminous recording system, 
rapidly changing conditions can be traced 
without distortion. By using a special 
ultraviolet-sensitive paper, the recording 
curves become visible immediately without 


6644-B Santa Monica Blvd., Hollywood 38, California « Hollywood 4-9294 
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AVOID OUTAGES 


by transferring important loads to 
an alternate feeder automatically 


Type “RAD” double throw oil 
switch unit with Model ‘“F” 
automatic mechanism. 


Type “DRA” two single throw 
oil switch unit with Model “F” 
automatic mechanism. 


@ When preferred feeder voltage fails, the load is automatically 
transferred to the emergency feeder. 


When preferred feeder voltage is restored (for a period of % 
minute) the load is automatically returned to the preferred feeder. 


There is no “hunting” on system disturbances. Load cannot be 


thrown to a “‘dead”’ source. 


Model “F6” automatic mechanism provides for remote operator 
selection of either feeder as the “preferred.” 


The automatic mechanisms are applied 
to various forms of Type “RA” oil 
switches, either for underground cables 
or overhead connections—up to 23 
Kv., 400 amperes. All control wiring 
is done at the factory. Installation of 


the unit merely involves connection of 
the feed and load cables or wires. 

Send cable data and description 
of installation conditions for quotation 
on automatic transfer oil switches to 
meet your requirements. 


New Bulletin DA-F on Model “F” operating mechanism now available. 


G&W ELECTRIC SPECIALTY CO. 
7780 Dante Avenue, Chicago 19, Illinois 


Representatives in principal cities of U.S.A. 
In Canada: Powerlite Devices, Ltd., Toronto, Montreal & Vancouver 
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IMAC © 
: Vacuum | 


for high voltage, airborne service 


Compact, fast action Eimac vacuum switches are custom 
designed for high voltage application. Single pole, double 
throw action contacts are precision spaced in high vacuum, 
permitting reliable performance regardless of ambient 
atmospheric conditions. In antenna switching service, RF 
peak potentials as high as 20kv may be applied between 
the switch terminals. Eimac vacuum switches are not limited 
to this service, however, as they will handle 1.5 amps at 
5kv in DC switching. Efficient operation in severe airborne 
conditions, small size and instant response give these switches 
a distinct advantage over conventional relays. Now avail- 
able are four Eimac switch types, including one for pulse 


service. ‘ , 
For further information contact our 


Application Engineering department 
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EITEL-McCULLOUGH, INC. _ 
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The World’ s Largest Manufacturer of Transmitting Tubes 
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the necessity of developing the chart. The | | 
Lumiscript can be supplied as a single- or a | 
4-channel recorder with interchangeable, — 
highly sensitive galvanometers, the sensi- 
tivities of which range from 0.03 micro- | 
ampere or 0.038 millivolt upwards for 1- — 
mm light spot deflection. Well-damped 
galvanometer movements for frequencies — 
up to 600 cycles per second are available. } 

{ 


Selenium Rectifiers. Two  cartridge- _ 
type selenium rectifiers, type U45HP and 
type US50HPF, have been developed by 
International Rectifier Corp., El Segundo, 
Calif., for use as high-voltage power 
suppliers in Geiger counters, electrostatic 
deflection voltage supplies for air-borne © 
equipment, and other similiar instruments 
requiring a high voltage and low current. 
Ratings and specifications for these units, 
plus information on the complete line of | 
cartridge rectifiers for half-wave, bridge, 
and voltage multiplier circuits, are given 
in Bulletin H-2. Copies are available on 
request by writing to International Rec- 
tifier Corp., 1521 East Grand Avenue, 
El Segundo, Calif. 


Midget 2-Circuit Toggle Switch. New | 
standards of miniaturization have been 
achieved in a precision toggle switch re- 
cently announced by Hetherington, Inc., 
Sharon Hill, Pa. Called the Hethering- 
ton Type T-2104, the switch measures only 
15/16 inch long by 15/32 inch in diameter. 
Its unusually small size and high current 
rating make it well suited for use in modern 
electric-electronic equipment where tiny 
true snap-action switches with sufficient 
current rating and durability have been 
difficult to find. The switch is rated for 
currents up to 5 amperes inductive, or 10 
amperes resistive. Further details and 
specifications for this unit are available on 
letterhead request to the manufacturer. 


New Speaker for 2-Way Radio. 
Motorola is now shipping, as a standard 
accessory, a new inverted-cone speaker 
with their mobile 2-way radio units. Ad- 
vantages of this speaker include: improved 
intelligibility of messages; universal 
trunnion mounting; and a unique magnet 
assembly, which is inside the cone, in 
order to reduce space requirements. 
More information can be obtained by 
writing to Motorola Communications and 
Electronics, Inc., Technical Information 
Center, 4501 West Augusta Boulevard, Chi- 
cago 51, Ill. 


Multiple-Sequence Preset Interval Gen- 
erator. ‘The new Potter Instrument model 
37157 multiple-sequence megacycle preset 
interval generator provides a convenient 
means of generating a series of preset time 
delays adjustable in increments of 1 micro- 
second. The system includes a 1-mega- 
cycle crystal-controlled master oscillator 
that feeds one or more preset counters 
capable of producing an output pulse of 
any desired number of counts (micro- 
seconds) after application of a start pulse. 
For descriptive literature write to Potter 
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: K f Pt | VOLTAGE 
: REGULATED 


| POWER SUPPLIE 


AN Blue 


KEPCO Voltage: Regulated Power Supplies are 
conservatively rated. The regulation specified for 
each unit is available under all line and load 
conditions within the range of the instrument. 
REGULATION: As shown in table for both line 


fluctuations from 105-125 volts and load varia- 
tions from minimum to maximum current. 


*REGULATION FOR BIAS SUPPLIES: 10 milli- 
volts for line 105-125 volts. %2% for load at 150 


volts. 


- VOLTS CURRENT | REGULATION 


0-600 0.5% 
0-150 Bias 
6.3 AC 


tAll AC Voltages are unregulated. 


0-600 


0-150 Bias| 0-5) 7 aoe 30 MODELS 


6.3 AC 
AVATEABLE FROM STORK 
COMPLETE CATALOG ON REQUEST 
WRITES DEPRT24 


KEPCO LABORATORIES 


131-38 SANFORD AVENUE * FLUSHING 55, N. Y. * INDEPENDENCE 1-7000 
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QUIPMENT COMPANY'S 


Ya in Power Supplies! 


Greater provision for heavier power requirements. 


Need for fans, blowers or other moving parts eliminated. 


+ + 


A VR-105 single voltage regulating tube is only tube used. 
This has an alternate VR-105 which is used as a ready 
standby to assure continuous power flow. 


* Filtered to hold ripple voltage in D-C output to less than 
0.5% RMS at full load. 


% Not dependent upon accurate maintenance of line fre- 
quency. Successfully used with emergency, portable or 
standby units. 


%* New supplies listed in standard sizes. 


These new Peco power supplies are designed 
to do a better job simply, inexpensively and 
with less maintenance. Write for free bulletin 


listing specifications and standard sizes. 


j 


POWER EQUIPME 


| 
4 


tions Equipment | 5740 NEVADA, EAST 


DETROIT 34, MICHIGAN 


eae other Special Communi 
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Instrument Company, Inc., 115 Cutter 
Mill Road, Great Neck, N. Y. § 


Circon Circuit Connector. The Circon 
Component Company has_ introduced 
their new model SM4F776 wmultiple- 
circuit connector which weighs 0.8 gram 
and is less than 0.03 cubic inch in volume. 
It is a 4-contact subminiature female con- 
nector for use with 1/16-inch printed circuit, 
or the Circon model $M4M776 male con- 
nector, and is usable in both printed circuit — 
and conventional cabling applications. 
For complete information on this or other 
Circon models, write to Circon Component 
Company, 17544 Raymer Street, North- 
ridge, Calif. 


Spray to Protect Aluminum Connections. 
A new easy-to-use aerosol spray com- 
pound called Peneseal has been developed 
by Burndy Engineering Company to pro- 
tect all aluminum-to-aluminum and alumi- 
num-to-copper service connections. This — 
nontoxic, noninflammable, nonirritating — 
compound completely seals the connections, — 
maintains low-contact. resistance by 
counteracting the effects of oxide film, and 
prevents galvanic corrosion. For further 
details, write Burndy Engineering Com- 
pany, Inc., Norwalk, Conn. 


Custom Solenoids From 20 Standard 
Parts. Joseph Pollak Corporation. has 
announced production of their line of 
series 700 and 300 d-c solenoids. As many 
as 300 different types of custom solenoids 
may be assembled from 20 standard parts. 
Exact requirements may be met without 
sacrificing economy, interchangeability, — 
and speed in delivery associated with mass | 
production. Other features include minia- 
ture lightweight compact design, maximum 
power for minimum size, and a wide variety 
of mountings, coils, and wire sizes. Write 
for the Solenoid Catalog, Joseph Pollak 
Corporation, 81 Freeport Street, Boston 22, 
Mass., for more information. 


Subminiature Precision Wire-Wound 
Potentiometer. Ace Electronics  As- 
sociates, 125-129 Rogers Avenue, Somer- 
ville 44, Mass., has announced a new stand- 
ard in subminiature wire-wound precision 
potentiometers. Designated as Number 
500 Acepot, this unit is 1/2 inch in diameter, 
and produces a higher turn per inch, re- 
sulting in linearity of + 0.3 per cent on 
standard models. Closer tolerances are 
available on special order. Electrical and 
mechanical specifications will be sent by 
the manufacturer upon request. 


Gibson Refractory Electrical Contacts. 
Refractory electrical contacts manufactured 
by Gibson Electric Company have with- 
stood a 5,000-ampere short-circuit test. 
They have maintained low temperature 
rise on a new Westinghouse plug-in circuit 
breaker. The contacts are silver-tungsten 
Gibsiloy W-70, now in use as both the: 
moving and stationary contacts on Quiklag-. 
P circuit breakers manufactured by West-- 


| 


H 
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Non-Corrosive Aluminum 
Makes Built-In Washing Un 


ossiple in Irion Electronic Air Cleaners 


Here a single property of aluminum— 
resistance to corrosion—provides an 
obvious reason for its selection. Ion- 
izing-collecting cells in the Trion Elec- 
tronic Air Cleaner are washed, without 
being removed, oncea week for a period 
of fifteen minutes. Only with a truly 
non-corrosive material is this Trion 
built-in washing feature practical. 

As in this case, one aluminum ad- 
vantage often completely justifies its 
use. Yet there are invariably other 


ae 


_REYNOLDS 


MODERN 


DESIGN 


clear-cut benefits. Where aluminum is 
used because of its high conductivity 
to weight ratio, its complete worka- 
bility and adaptability are added ad- 
vantages. When light weight is its 
primary advantage, aluminum’s 
strength also adds to its usefulness. 

Perhaps Trion’s use of Reynolds 
Aluminum points out possible new 
aluminum applications in the solution 
of production or performance prob- 
lems for your products. 


Call on Reynolds Engineering Service 
for Help on Your Problems 


Reynolds engineers will conduct meetings with your men and 
provide them with the latest information on electrical 
applications of aluminum. Also write for a complete index 

of design and fabrication literature. Reynolds Metals Company, 
2541 South Third Street, Louisville 1, Kentucky. 


See ‘Mister Peepers”, starring Wally Cox, Sundays on NBC-TV 


%) ALUMINUM 


HAS 


ALUMINUM 


REYNOLDS 
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Completely New Automatic Generator Voltage Regulator 
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25 TO 3000 KVA CAPACITIES 
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BY LAKE SHORE 


Here ... for the first time . . . is a voltage regulator 
with no moving parts or electronic tubes to wear or 
fail. The new AUTOSTATIC regulator eliminates 
maintenance expense, yet costs no more than compara- 
ble mechanical units. 


In addition, the AUTOSTATIC operates with a speed 
and accuracy impossible to units having moving parts. 
It reacts almost instantaneously to correct voltage fluc- 
tuations caused by changes in the generator load. There 
is no time lag because of inertia and friction. Output 
fluctuations are reduced to a negligible quantity, both 
in magnitude and duration. 


The AUTOSTATIC is available in three sizes 
with capacities of 25 to 100 KVA, 100 to 400 
KVA, and 400 to 3000 KVA. 


Write today for 
Bulletin 1517, 


ENGINEERS © DESIGNERS © FABRICATORS 


¥ 
+ * *LAKE SHORE ELECTRIC CORPORATION 
218 WILLIS STREET e BEDFORD, OHIO 
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inghouse Corporation. Gibsiloy W-/0 is 
exceptional among refractory contact mate- 
rials because of its high conductivity and 
high resistance to sticking when interrupt- 
ing short-circuit currents, Further in- 
formation can be secured by writing to 
Gibson Electric Company, 8348 Franks- 
town Avenue, Pittsburgh 21, Pa. 


Stainless-Steel Valve. A_ stainless-steel 
solenoid-operated 2-way valve with high 
resistance to corrosion has been placed on 
the market by the Automatic Switch Com- 
pany of Orange, N. J. These Bulletin 
&265 stainless-steel valves are designed to 
control gases and liquids generally corro- 
sive to bronze, steel, or iron at pressures up 
to 250 pounds per square inch. They are 
normally closed (close when de-energized, 
open when energized) valves. Continuous- 
duty Class A coils for temperatures up to 
212 F are provided. High-temperature 
Class H coils are supplied for temperatures 
to 450 F. Further information and litera- 
ture are available from the manufacturer. 
Write to Automatic Switch Company, 391 
Lakeside Avenue, Orange, N. J. 


Unique Low-Noise Traveling-Wave 
Tubes. Development of two unique 


types of RCA low-noise traveling-wave | 


tubes with greater efficiency, range, and 
sensitivity in microwave radio applications 
has been disclosed by the Tube Division, 
Radio Corporation of America. These 


tubes, still developmental but available to © 


industry on a sampling basis, are an S-band 
type, for use in the input stage of micro- 
wave receivers and amplifiers operating 
over a frequency range from 2,700 to 3,500 
megacycles, and a C-band type, for use in 
microwave relay applications covering the 
frequency range from 5,900 to 6,900 mc. 


The tubes offer an important solution to the | 


problem of microwave amplification, since 
in many applications a reduction in the re- 
ceiver noise level is equivalent to a corre- 
sponding increase in transmitter output. 
This will result in increased sensitivity of 


microwave equipment over greater ranges. | 


The S-band traveling-wave tube will 
operate in a solenoid with a noise figure 
less than 10 db for a gain of 20 db. 


Large A-C Transformers. Newly de- 
veloped tap changers for de-energized oper- 
ation are now standard equipment on large 
Allis-Chalmers transformers. ~ Principal 
features of the new transformer mechanism 
are the design of its contact area and a 
flexible action which keeps equal pressure 
on moving members so they are self-align- 
ing. Springy arms hold a pair of rounded, 
movable solid-copper bridging contacts 
firmly against a cylindrical-shaped station- 
ary contact. The stationary contacts are 


located in a semicircle around the tap . 


changer panel assembly ready to receive 
the movable contacts as the operator 
changes the bridging arrangement. The 


design is such that no current whatever | 


passes through the springs. 


Fuel Indicating System. A new electronic | 


fuel measurement system for aircraft in 


(Continued on page 44A) 
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The S&C LOAD INTERRUPTER takes 
nothing but 


a pull on the handle 


@ The S&C Load Interrupter (Alduti Type) nary.) You are completely independent of 
can break the primary circuit of a distribu- . wind velocity and wind direction. 
tion substation any time under any condi- 


i per BD ese @ Then too you can break the magnetizing 
tion (except short circuit). Switching can- 


current of the larger transformers—an im- 


eee es eee io possibility with conventional air switches. 


phase-to-ground faults. It cannot endanger 
men or equipment. @ Under emergency conditions—or for pro- 


tection against inadvertent operation—you 


@ When you break the magnetizing cur- can interrupt the entire load current of the 
rent, the break is positive—clean—decisive. substation. Thus you have two ways to drop 
(You don’t have to “dog” it as a prelimi- the load—on either primary or secondary. 


Do you have these operating 


advantages at your 


substations? 


‘Inset shows a close-up — 
of S&C Load Interrupters — 
in service on the primary 
of a typical distribution 
substation. 


S&C Interrupters bring new concepts of oper- 

ating convenience, and new thinking in system 
layout. We will gladly send you this booklet 
containing detailed information about them. 


ELECTRIC COMPANY 


4427 RAVENSWOOD AVENUE IN CANADA, SaC ELECTRIC CANADA, LTD. 
CHICAGO 40, ILLINOIS, U.S.A. 8 VANSCO ROAD, TORONTO 14, ONTARIO 


formerly Schweitzer & Conrad, Inc. 


‘circuir INTERRUPTION 


A new, large size, 
flat bed, 
versatile 

2-axis recorder’... 


AUTOGRAF 


trademark 


MODEL 2 


Curves are available for 
observation and labeling 
while they are being drawn. 


BOTH AUTOGRAF 
MODELS ARE OUTSTANDING 


FOR THEIR VERSATILITY 


‘NEW MODEL 20 SERIES 


DC VOLTMETER 


The versatility and labor-saving convenience 
of the original portable Autograf have now 
been built into an instrument which handles 
standard 11” x 1614” graph papers. Model 2 
has the same scales and ranges as Model 1 
(0-5 millivolts to 0-100 volts each axis); same 
speed (full scale X and Y in one second); 
same input impedance (200,000 ohms per 
volt). In addition, depressed zero available 
each axis, larger re- 
cording area (twice as 
big), flat bed, easy- 
reading design. 

THE AUTOGRAF 
MODEL 1 

general purpose 814” 
x 11” X-Y recorder — ‘ 

is doing duty in hundreds of laboratory appli- 
cations: chemical, electrical, electronic, wind 
tunnel, computer... And on production lines: 
measuring motors, filters, tubes, transistors, 
airfoils, amplifiers, rectifiers, magnetic cir- 
cuits and materials, nuclear devices, etc.... 


AUTOGRAF 
CURVE FOLLOWER 


plots or reads out Y vs. 
X,. Either Model 1 or 
Model 2 can be fur- 
nished as a recorder/ 
curve follower. 


AUTOGRAF 
POINT PLOTTER 


Models 1 and 2 may be 
fitted for point plotting 
from keyboard or other 
digital sources, 


A new high accuracy, 
easy-to-read, multi- 
range servo-voltmeter 
with fast response, 
Scales 0-3 millivolts to 
0-300 volts. Zero left or 
zero center, Designed 
for indication, control, 
or analog to digital 
conversion. 


Bulletins describing these instruments 
are available, and we will be glad to 
send you the ones you want. Write... 


F. L. MOSELEY CO., 405 NORTH FAIR OAKS AVENUE, PASADENA 3, CALIFORNIA 
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which a single amplifier power unit serves 


signals from two different fuel tanks at the 


several indicators by receiving and sorting : 
3 


same time has been announced by the 


Aeronautical Division of Minneapolis-— 


system eliminates one power amplifier for 
every two indicators. This simplifies in- 
stallation and reduces both cost and weight. — 
For a 3-unit installation using a separate 
tank sensing element, power amplifier, and 
cockpit indicator, the power unit can be 
provided with either .vacuum- tubes or 
transistors. Also available is a 2-unit sys-— 
tem in which the transistorized power unit 
is with the combined indicator. The 
Multiplex system meets the accuracy re- 
quirements of MIL. G-7878 and is avail- 
able with either factory preset or external 


adjustments on either the vacuum tube or ~ 


transistorized type of power amplifiers. 


TRADE LITERATURE 


Honeywell Regulator Company. The new 


Radio and Electronic Equipment. Allied — 
Radio Corporation of Chicago, Ill., dis- 


tributors of radio and electronic parts and 


equipment, have announced the release of _ 


their 1955 General Catalogue Number 740. 


The new catalogue contains 308 pages, - 


listing over 25,000 items. Special em- 
phasis is on equipment for industrial main- 
tenance, research, and production require- — 
ments. Featured also is the RCA “TV — 
Eye,” a moderately priced television cam- 
era, operated by remotecontrol. A rotogra- _ 
vure section lists the Knight Underwriters 
Laboratories’ approved public address 
amplifiers in systems ranging from 8 to 
80 watts. There is public address equip- 
ment for every industrial application. 


There is also a complete section on record- — 


ing equipment, and all recording accessories _ 


are listed. A technical book section in- | 


cludes leading publications covering theo- 
retical and practical aspects of radio, elec- 
tronics, and electricity. This new 1955 
buying. guide may be obtained without 
charge upon request. Write to Allied 
Radio Corporation, 100 North Western 
Avenue, Chicago 80, IIl. | 


Load Center Transformers. A 20-page 

brochure on load center transformers has 

been published by R. E. Uptegraff Manu- 

facturing Company. These transformers 

are made in ratings up to 2,500 kva and 

are designed for use as near as possible to 

the center of the load, thereby minimizing 

costly low-voltage runs and improving 

power characteristics. Copies of Catalogue - 
Number 732 may be obtained from R. E. | 
Uptegraff Manufacturing Company, Scott- 

dale, Pa. 


| 
Gas Turbines for Pipeline Pumping. 
A publication explaining the application 
of gas turbines for gas pipeline pumping is 
available from General Electric Company, | 


Schenectady 5, N. Y. The booklet is) 
designated GEA-5962, | 
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RUBBER INSULATION-0 to 5kv 


the complete story on 


Here’s the complete story on unshielded 
Okolite-Okoprene power and control cable. 
Under one cover in Okonite’s new 128 
page Bulletin EG-1085 you will find: 


and 


Okoloy conductor coating, Okolite insulation, 
Okoprene sheath, Okonite's exclusive 
strip-insulating process, why 5kv unshielded 
cables are best. 


electricol formulas, current-carrying capacities, 
resistance ratios, voltage regulation, short circuit 
currents, complete dimensional data for aerial, 
duct, and direct burial constructions. 


BULLETIN 


1085 


conduit and direct burial installation, 
proof-testing after installation, periodical 
maintenance tests. 


drawings and instructions for straight and tee 
splices, indoor and outdoor terminals, splices to 
paper and varnished cambric cables. 


If you need a cable for 4160 volt operation, 
remember Okonite can supply it unshielded 
. . . assuring reduced installation costs as 
well as easier splicing and terminating. 
Okolite-Okoprene does not have to be 
shielded at 5kv because the Okoprene 

sheath is highly resistant to corona cutting 
and has high surface resistivity. This limits 
the magnitude of longitudinal drainage 
currents which can flow to ground at a con- 
tact point, thereby preventing cable burning. 


Write for Bulletin EG-1085 today. The Okonite Company, Passaic, New Jersey 


OK ONITE <2 insulated cables 


2753 
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Lap welding tool (left) and 
butt welding tool as manu- 
factured and sold by Utica 
Drop Forge & Tool Corpo- 
ration under license from 
Koldweld Corporation. 


SEE what’s happening to COLD 


PRESSURE WELDING OF ALUMINUM ~ 


New developments in cold pressure welding of 
aluminum mean that NOW, up to ¥%” aluminum 
wire for transformers, solenoids, reactors and 
motors can be welded instantly andinexpensively. 


A pressure butt welding tool (see photo- 
graph) is used to produce continuous lengths 
of wire as well as to mend breaks. Manufac- 
turers of stranded and spooled aluminum wire 
and cable are assured of uninterrupted, con- 
tinuous operation. 


For instantaneous cold pressure welding of 
aluminum sheet and foil, a lap welding tool 
is used (see photograph).A typical application 
is the completion of electrical connections 
between foil or thin sheet—as in electrical 
foil for condensers. 


Any electrical manufacturer can benefit by 
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using this new aluminum welding process. 


To find out how the latest developments in 
cold pressure welding can be used to advan- 
tage in your manufacturing operation, write 
Alcoa. Alcoa’s research and development facil- 
ities—and extensive experience with cold pressure 
welding of aluminum—are at your service just 
for the asking. 


The coupon on the page at right will save 
your time. Mail it today. 


ALUMINUM COMPANY OF AMERICA 


DECEMBER 1954 


| 


TO HELP IN YOUR PROJECTS, ONLY ALCOA OFFERS 


] 


1. KNOWLEDGE AND SPECIALISTS IN ELECTRICAL MANUFACTURING . . . 2. FACILITIES FOR BROAD RESEARCH ... Perhaps your project 


Among the specialists at the Alcoa Development Division are will require only routine research. But if you must probe 

’ men already familiar with the problems of electrical manufac- into the basic nature of aluminum—its alloys, strength, 
turing. Their knowledge of practical problems of fabrication chemical and physical properties— Alcoa has the facilities. 
and costs, gained in thousands of projects, can help you in Facilities which developed most of the aluminum alloys 
every phase of yours. in use today. 


3. ADVANCED TEST EQUIP- 
MENT ...Whether you want 
to check the soundness of 
your new product by X-ray 
or test it under a load of 
3,000,000 pounds, the 
equipment is here to do it. 


4. SHOPS FOR PROCESS DE- 
VELOPMENT... Alcoa makes 
available all the techniques 
of joining, forming, ma- 
chining, casting, heat-treat- 
ing and finishing to create 
a practical pilot model,then 
suggests low-cost, efficient 
methods for its fabrication. 
Here you see carbon arc 
welding of aluminum wire 
electrical connections. 


Aluminum Company of America 
2102-M Alcoa Building, Pittsburgh 19, Pa. 


1am interested in cold pressure welding of aluminum. Please 
send to me at no obligation: 


C] Sample of cold pressure welded aluminum wire. 


L] 176-page manual, Welding Alcoa Aluminum. 


Further information on_ 


Name. = ek ee e A a 
Title. = w a a 
5. PRODUCTION FACILITIES FOR ALUMINUM IN EVERY COMMERCIAL Company Cae at 
FORM... Aluminum from Alcoa in every commercial form — = = _ 
forged, cast, extruded, rolled and drawn—to make your prod- rep =< x: ; 
uct sell better, last longer, cost less to build. 
City __ ee State 3 


ALCOA... FOR 66 YEARS, AMERICA’S LEADING SUPPLIER OF ALUMINUM 
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Reflected sunlight makes the primary cable look like a white line running 
down the slopes of Mt. McNamee. Except for a section of conduit that is 
buried beneath the road, at center, the entire 4800 ft. of cable between sum- 


mit and mine lies exposed on the ground. 


eee < y 


Stringing RG-11U cable on existing telephone 
poles. RG-11U was used as secondary lead, 
and as drop cable to individual outlets. 


Taking antenna field strength readings atop 
13,783 ft. Mt. McNamee. 


Installation crew watching the first TV recep- 
tion on test equipment in the amplifier shack. 
In normal operation, the insulated 6’ x6’ metal 
building houses the front end amplifier equip- 
ment for the community antenna system. 


‘This unique TV distribution system, 


provided for its employees by the Cli- 
max Molybdenum Co., makes use of 
two transmission cable types. Both are 
insulated with BaxeLirEe Polyethylene 
and jacketed with BaxeELITE Vinyl 
Plastic — providing service that under- 
scores the outstanding electrical and 
mechanical properties of these wire 
covering materials. 

From the antenna site at the peak of 
nearby Mt. McNamee, the primary lead 
—Federal K-14 cable—descends 11,000 
linear ft. to the community. During its 
course, this cable lies on the ground, 
exposed to the elements . . . is buried 
in conduit . . . and for 4900 ft. runs 
through the underground workings of 
the mine in conduit and on messenger. 


From the edge of town, 80,000 ft. of 


Two antenna groups receive channels 2, 4, 7, 
and 9 from Denver stations, about 60 air miles 
away. The first antennas suffered considerable 
damage from icing and high winds, and had to 
be replaced with sturdier structures. The co- 
axial cables however, insulated with BAKELITE 
Polyethylene and jacketed with BAKELITE 
Vinyl Plastic, measured up to expectations 
from the very first. Note the loose, broken 
rock, typical of the terrain along the course of 
the primary cable. 


COAXIALS MUST WITHSTAND RUGGED TERRAIN, SNOW, HIGH 
WINDS, AND LIGHTNING IN THE 13,783 FT. INSTALLATION AT 
CLIMAX, COLORADO 


pole-strung Federal RG-11U cable, 
serving as secondary lead and drop 
cable, continues the transmission to 
some 500 TV receivers. Throughout 
these long cable runs, the superior me- 
chanical characteristics, the constant 
impedance, low line loss, and low 
power factor of BAKELITE Viny] Plastics 
and BakELITE Polyethylene prove big 
factors in maintaining the TV signal at 
essentially the same quality as received 
at the antennas. The first amplifier 
necessary in the primary cable is 2400 
ft. from the front end equipment on the 
mountain peak 

Wire and cable jacketing made of 
BakELITE Viny] Plastics is wax-smooth 
—for easier pulling and stripping. Com- 
pounds can be formulated to stay pli- 
able in very low temperatures . . . resist 
deformation in extreme heat. Lasting 
colors provide permanent coding. 
BAKELITE Polyethylene is light, permits 
smaller diameters—for easier handling, 
savings in space and weight. Cores of 
this material stay tough and flexible . 
hold their excellent electrical properties 
through a wide temperature range. 

For all the facts on BAKELITE Vinyl 
Plastics and BAKELITE Polyethylene for 
wire coverings, and names of your near- 


est suppliers, write Dept. AC-66. 


Data courtesy of: Climax Molybdenum Co., 
Climax, Colorado; Federal Telephone and Radio 
Company, Clifton, N. J., a division of IT&T. 


PLASTICS 


TRADE MARK 


A Division of 
Union Carbide and Carbon Corporation 


30 East 42nd Street, New York 17, N. Y. 
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(ABOVE) Rome Pre-Assembled Self-Supporting Aerial 
Cable For Primaries—Supplied in various designs incorporating 
RoZone insulation, shielding where needed (generally over 5 KV) 
and outer protecting coverings of RoPrene (Neoprene) or corrosion- 
resistant metallic tape in accordance with IPCEA standards. 


(LEFT) Rome Triplex Self-Supporting 
Secondary or Service Drop Cable—Ro- 
Prene (Neoprene) or RoLene (polyethylene) 
insulated copper or aluminum power conduc- 
tors spiraled around a suitable neutral mes- 


senger of copper, copperweld, aluminum or 
ACSR. 
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Guard against 
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Poles top-heavy with crossarms and wires. A vicious ice 
storm. Heavy winds. Broken poles and wires. It is the night- 
mare of power outage and costly replacements. 

You can minimize this expense and customer dissatis- 
faction by standardizing on Rome self-supporting cables. 

Manufactured to your specification, with either copper or 
aluminum conductors, Rome self-supporting cables utilize 
the time-proven construction of insulated power conductors 
spiralled around, or bound to a neutral or supporting mes- 
senger. These cables are mechanically predesigned, with 
a large factor of safety, to anticipate ice and wind loading. 


Low installation and maintenance costs 


You will realize substantial savings with Rome self-support- 
ing cables, both in installation and maintenance. Cross- 
arms can be eliminated, less hardware is required and, 
often, fewer poles because of longer spans. Maintenance 
costs are lower, too. Requiring no common covering, con- 
ductors are readily accessible for easy taps. Tree trimming 
is minimized through excellent resistance to abrasion. 


Longer service life in all weather 


Insulated or sheathed with RoLene (polyethylene) or Ro- 
Prene (Neoprene), Rome self-supporting cables are unaf- 
fected by sunlight, moisture and corrosive atmospheres. 
There are no fibrous braids to rot and festoon. Replacement 
is kept to a minimum. Better voltage regulation is, also, a 
factor because of lower reactance due to the close spacing 
of insulated conductors in long or heavily loaded circuits. 

Whether for 600 volts or 15,000 volts, if it is going over- 
head, it will pay to do as so many others are doing... check 
the advantages and economies of Rome self-supporting 
cables. They are cables engineered to the service involved. 
The coupon below will bring you information on their 
properties and characteristics. 


Wind and ice loading are kept at a minimum by 
Rome self-supporting cables. They reduce cross- 
arms and permit shorter poles. 


You'll find a wealth of helpful information 
on physical and electrical characteristics, 


Fewer accessories, reduced cable cost and cleaner, specifications, dimensions and _ installation 
neater installations result from using Rome Triplex data on these and other Rome wires and 
service drop cable. cables in Bulletin RS-5. Mail the coupon. 


se 


Fre L ie ROME CABLE CORPORATION, Dept. EE-12, Rome, N. Y. 
ROME CA 


Please send copy of... . Bulletin RS-5. 
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ROME - NEW YORK (CRM cern Ye ao cree scare neo ree nous eel 


ane Address 
TORRANCE «+ CALIFORNIA 


DECEMBER 1954 Please mention ELECTRICAL ENGINEERING when writing to advertisers 11A 


} entirely. new: 
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@ Able to operate at 100°C (212°F) and 
deliver full rated power output, 


continuously, with no derating whatever. 


@ Able to operate at ambient temperatures 
up to 150°C (302°F) with only 
moderate derating. 


@) Available in all standard cell sizes and 


all standard circuit arrangements. 


4a Available with all standard protective 
finishes— moisture resistant, salt-spray 


resistant, fungus resistant. 


S Now in production for specialized 
applications. Tell us your problems and 


we will make recommendations. 


YEARS 


METALLURGICAL CORPORATION worth CHICAGO, ILLINOIS, U.S.A. 


of 
- DEPENDABLE 
@ RECTIFIERS 
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AVAILABLE FROM STOCK 


FOR IMMEDIATE DELIVERY 
BY IRVINGTON 


POLYESTER FILM 
LAMINATED INSULATION 


IN OVER TWENTY COMBINATIONS 


Class A and Class B varieties 
to meet your requirements 


Irvington stocks — for immediate delivery in any quantity — many 
varieties of polyester film laminated with kraft or rag... woven glass 
or asbestos . .. in duplex and triplex constructions. 
The exceptional dielectric strength and heat stability of tough, strong 


polyester film make it ideally suited for slot and phase insulation in Look to 
today’s compact motors, and for coil, relay and dry type transformer 
pecan 3 ee IRVINGTON 
for Insulation Leadership 
SPECIAL ADHESIVES PREVENT DELAMINATION nasth ATiNG A/KENISHES 
To the unequaled advantages of polyester film Irvington has made a VARNISHED CAMBRIC 
further contribution: the development of special adhesives for bond- VARNISHED PAPER 
ing the film to all common Class A and B materials. Impervious to VARNISHED WOVEN GLASS 
heat or solvents, these adhesives provide effective insurance against aus lela oats 
delamination. CLASS ‘‘H'’ INSULATION 


Write for technical data and a folder containing samples of some 


of the hundreds of combinations available from Irvington. 
VARNISH & 


IRVINGTON insccsror 


DIVISION OF MINNESOTA MINING & MANUFACTURING COMPANY 


3 ARGYLE TERRACE, IRVINGTON 11,N.J. © PLANTS: IRVINGTON, N. J.; MONROVIA, CALIF.; HAMILTON, ONTARIO, «-ANADA 
15A 
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TWO WORKMAN WATCH from blast shelter as charge is set off in HERE A CABLE is raised on horses to clear the railroad track. It 
distance. Low horses cushion cable from shock of falling rock feeds the shovel visible in background. 
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Amerclad lasted 12 years” 


Says Chief Electrician, Hudson Plant 


Universal Atlas Cement Company 


Year after year, at this quarry, the Amerclad is exposed 
to knife-sharp fragments of flying rock. During the sum- 
mer, the rock often gets so hot that you can’t even touch 
it. Other times, the cable lies out in the rain and snow— 
often at sub-zero temperatures. 


At the Hudson, N. Y. quarry of Universal Atlas, Chief 
Electrician Frank Rodmond said, “This Amerclad runs 
the constant danger of being hit with flying rock frag- 
ments through secondary blasting. Yet the down-time 

' cost of this operation is so high that we just can’t stand 
cables that keep failing. We kept that last batch of Amer- 
clad 12 years before we replaced it, yet it was still service- 
able when we switched over to new Amerclad.” 


If you want service like this, specify Amerclad the next 
time you need cable that can really take it. Amerclad is 
available in a great many sizes and constructions, with or 
without shielding. There is a type to power anything from 
a river dredge or mine locomotive down to a rough and 
tumble electric hand drill. Send the coupon, and get 
more information. 


AMERICAN STEEL & WIRE DIVISION 
UNITED STATES STEEL CORPORATION 
GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS — — 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS THIS IS A TYPICAL DRILL. It uses a 4-conductor No. 8 Amerclad cable. 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


A STANDARD TIGER BRAND CABLE 
FOR EVERY SPECIAL JOB! 


paper & varnished cambric cable mold cured portable cord 
asbestos wire and cable machine tool & building wire 
aerial, underground & submarine special purpose wire & cable 


cable 
shovel & dredge cable 


a me a at et or oo oe SEND THE COUPON- — — — — — — 


American Steel & Wire Division 
’ Room CE-124, Rockefeller Building 
Cleveland 13, Ohio 


GER B IRE [[] Please give me more information about Amerclad. 
| AND €ABL 


gi} 


(_] I'd like to talk to your representative. 
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INDUSTRIAL | 


POCKETSCODE 


MODEL S-11-A 


DC-COUPLED 
_. WORK-HORSE OF 
INDUSTRY 


Size: 
ay x Cys x z'! 
834 Pounds 


ANOTHER EXAMPLE OF LCeZeeme PIONEERING... 


The INDUSTRIAL POCKETSCOPE, model S-11-A, has become 
America’s most popular DC coupled oscilloscope because of its small size, 
light weight, and unique flexibility. This compact instrument has identical 
vertical and horizontal amplifiers which permit the observation of low fre- 
quency repetitive phenomena, while simultaneously eliminating undesirable 
trace bounce. Each amplifier sensitivity is 0.1 Volt rms/inch. The frequency 
responses are likewise identical, within —2 db from DC to 200 KC. Their total 
undistorted outputs permit effective trace expansion of twice the screen 
diameter. The internal sweep generator is continuously variable from 3 cycles 
to 50 KC and can be synchronized from positive going signals. Return trace 
blanking is optional. Intensity modulation is accomplished by connecting 
either directly to the grid of the three-inch cathode ray tube or thru an ampli- 
fier having a gain of approximately 10 and a flat response to 500 KC. Direct 
intensity modulation threshold voltage is approximately 1 volt rms. Addi- 
tional provisions for direct access to all the deflection plates, the second 


anode, and the amplifier output terminals extend the usefulness of the S-11-A 
many fold. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 


CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 


S-4-C SAR PULSESCOPE® 

$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 

and Other Associated Equipment 


r 
"WATERMAN PRODUCTS 
18A 
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AIEE 
REPORTS 


These publications are pro- 
posals for new standards or 
test codes, or revisions of 
present publications, which 
are in the formative stage. 

They are made available, 
without cost, so that all in- 
terested individuals may ob- 
tain them for study and com- 
ment, thereby supplying 
practical experience in their 
use before submission for 
adoption. 


1A General Principles for 
Rating of Electric Ap- 
paratus for Short- 
Time Intermittent or 
Varying Duty (Sep- 
tember 1941) 

1C Test Code for Evalua- 
tion of Systems of 
Insulating Materials 
for Random-Wound 
Electric Machinery 
(January 1954) 


51 Guiding Principles for 
Dielectric Tests (Sep- 
tember 1949) 


52 Application Guide for 
Grounding of Instru- 
ment Transformer 
Secondary Circuits 
and Cases (March 
1951) 


53 Proposed Guide for 
Operation and Main- 
tenance of Dry Type 
Transformers with 
Class B Insulation 
(October 1952) 


54 Standard, Test Code, 
Recommended Prac- 
tice for Induction and 
Dielectric Heating 
Equipment (October 
1952) 


56 Insulation Maintenance 
Guide for Large AC 
Rotating Machinery 
(May 1954) 


502 Test Code for Single- 
Phase Motors (No- 
vember 1941) 


504 Test Code for Carbon 
Brushes (October 
1953) 


No charge for copies 


American Institute of 
Electrical Engineers 


33 West 39th St., New York 18 
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for 


] HEARING 


: AIDS 


or 


RECORDING 


HEADS 


or ANY MAGNETIC MATERIALS JOB... 


“MAGNETIC, 
MATERIALS” 


This 32-page book contains valuable 
data on all Allegheny Ludlum mag- 
netic materials, silicon steels and spe- 
cial electrical alloys. Illustrated in full 
color, includes essential information 
on properties, characteristics, applica- 
tions, etc. Your copy gladly sent free. 


ADDRESS DEPT. EL-60 


You can re/y on core materials like 
the Allegheny 4750 components illus- 
trated above, in your receivers, record - 
ing heads or microphone assemblies. 

In fact, whether your equipment ts 
small or large, the extra-broad line 
of A-L magnetic materials will solve 

our magnetic core problems. It in- 
cludes all grades of silicon steel sheets 
or coil strip, as well as Allegheny 
Silectron (grain-oriented silicon steel), 
and a wide selection of high-permea- 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 


bility alloys such as 4750, Mumetal, 
Permendur, etc. 

Our service on these materials also 
includes complete facilities for the 
fabrication and heat treatment of 
laminations. (For users of electrical 
sheets and strip, our lamination 
know-how is a real bonus value!) 
Either way, we'll welcome the 
chance to serve you. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


® 


Stetis For THE 
RLEcTRoNic AGE 


W&D 5335 
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ye Developments in Insulation and Resistance Testing 


PREVENT UNTIMELY FAILURES of vital equipment like this generator 
stator by making non-destructive insulation tests with General 
Electric’s new 10-kv insulation-resistance tester. Resistance measure- 


More News About 
General Electric 
Instruments for 
Insulation and 


Resistance Testing 


* Manufacturer's suggested retail price. 


ATION-RESISTANCE METER 


UP TO 20,000 MEGOHMS may be quickly 
and accurately measured on four scales of 
the insulation-resistance meter. With 
output current limited to 2 ma, greater 
safety for operator is assured. $304.20.* 


ments of installed equipment make it possible to follow insulatii 
deterioration so that the equipment can be removed from servi 
before the danger point is reached. Price of equipment is $1825.2¢ 


HIGH-POTENTIAL TESTE: 


CURRENT-LIMITED to a maximum of 5 mil 
amperes, the G-E high-potential test 
minimizes most of the hazards encounter?! 
with other such equipment. No barrie: 
cages or white tape are needed. $195.0 


GENERAL ELECTRIC ANNOUNCES.... 


NEW 10-kv Insulation-Resistance Tester; 
Accurately Reads up to 200,000 Megohms 


Non-destructive Tests with G-E Tester Will Help RRR 
To Foretell the Failure of Expensive Equipment = -MEGOHMS AT IOKV 


Now, with only one instrument, you can measure insulation 
resistance from 0 to 200,000 megohms at 10,000 volts d-c. 
Because of this broad range, the new General Electric 10-kv 


insulation-resistance tester can be used to check the quality of = D-G MIGROAMFENE® 
insulation in equipment with high dielectric capacities. Such tests ie dee: 


made before over-potential tests can help prevent the failure 
of expensive equipment. esc esone ee 

MAXIMUM ACCURACY is obtained, even ifthe source voltage FASTERIESTING ispowibe with GB. 'snew 10-1 nsuldon resistance 
fluctuates widely, because the input of G.E.’s new insulation age specified when ordering eliminating time-consuming calculations. 
tester is stabilized by a synchronous motor-generator set. — — 
CONTINUOUSLY ADJUSTABLE OUTPUT—With the 10,000-volt 
d-c voltage output, which can be adjusted continuously down to 


zero, resistance measurements can be made near the operating 
voltages of the equipment. This eliminates the misleading 
measurements that are often made when tests are not conducted 
under simulated operating conditions. 


VALUABLE TIME IS SAVED in making non-destructive insulation 
tests of equipment with large capacitances because they can be 


charged quickly. ae Se 
OUTPUT IS CONTINUOUSLY ADJUSTABLE over the 10,000-volt range by 
; means of this knob so that resistance measurements can be taken at 
Sales Office or mail coupon below. or near the normal operating level of the equipment being tested. 


For more information, contact your nearest G-E Apparatus 


10-KV WINDING-INSULATION TESTER 


SECTION A605-83 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, N. Y. 


Please send me the following bulletins: 

1 10-kv Insulation-Resistance Tester (GEC-1276) 
1 10-kv Winding-Insulation Tester (GEC-321) 

C1 Insulation-Resistance Meter (GEC-753) 

O High-Potential Tester (GEC-700) 


COS TUT Te EO ase ce Se En ee 


OT ee Ae ee ee ee ee ne 


FAST, SIMULTANEOUS TESTS of turn-to-turn, 
coil-to-turn, and coil-to-ground insulation can 
be made with G.E.’s 10-kv winding-insulation 
tester. Dissymmetry of windings as small as 
one turn can be quickly detected. $2909.40. * 


GENERAL @@ ELECTRIC 


oe Developments in Laboratory Instruments 


TO SAVE VALUABLE MAN-HOURS, G-E CONSOLE IS FUNCTIONALLY DESIGNED FOR SIMPLE OPERATION; FEATURES EASY-TO-REACH CONTROLS 


News About Other 
General Electric 
truments for 
Precision Measurement 


in the Laboratory 


*Manufacturer’s suggested retail price. 


INSTANTANEOUS VAPOR DETECTOR 


FOR HEALTH MONITORING of mercury vapor 
and certain other toxic vapors, this portable 
General Electric instrument pinpoints con- 
taminated areas; can be used wherever 
115-v., 60-cycle power is available. $495.00.* 


PHOTOELECTRIC RECORD: 


RECORDING RAPIDLY CHANGING PHENO 
ENA with minimum load on measure 
circuit, recorder is available with se 
sitivity as low as 1 ua full scale. R 
sponse times as low as 14 second. $700.00 


DOW CORNING 
| SILICONES 


SS 


Much of the sea water pumped into The Dow 
Chemical Company's famous ‘magnesium from 
the sea’’ plant in Freeport, Texas, is handled by 
six 71,000 gpm centrifugal pumps. Each pump is 
direct-driven by a 300 hp, 277 rpm motor. The 
entire line of motors is mounted on a massive 
underwater concrete foundation. 


Recently Dow’s plant expansion program reached 
the point where a pumping capacity of 90,000 gpm 
per unit was required. That capacity could be 
reached by 450 hp motors operating at a higher 
speed. But conventional motors rated at 450 hp 
would be almost half again as large, and much 
heavier than the existing units. Extensive changes 
in mounts, brackets and other fittings, as well as 
reinforcement of the underwater foundations would 
be required. Estimates of the cost of reinforcing 
the foundations alone ran as high as a half-million 
dollars. And that’s not counting the cost of the 
new motors or the fact that the work would have 
to be done all at once, shutting off the intake canal 
and all but halting plant production. 


Dow engineers solved the whole problem at mini- 
mum cost by having the motors rewound, one at 
a time, with silicone (Class H) insulation to develop 
450 hp at 327 rpm. Capacity of each pump was 
increased to 90,000 gpm without any further 
modification of the installation. 


An extra advantage of Class H insulation was 
demonstrated when one of the motors was re- 
moved to correct a shaft rub that had developed 
at the upper seal. This same motor had also de- 
veloped a small leak in its upper housing. When 
the motor was disassembled, the bottom ends of the 
coils were found to be immersed in 25 gallons of 
rain water. And still the silicone insulated coils 
remained in good operating condition. 


That's the kind of performance that has convinced 
management, maintenance and design men that 
they get maximum life and reliability at minimum 
cost when they specify Class H insulation made 
with Dow Corning silicones for hard-working 
motors, transformers and other electrical equip- 
ment. 


maul This coupon Today! 


first in ene. eee et Nl a ig Als may ental yar mage 


silicones 


You can also reduce toa 
minimum motor outages 
due to bearing failure 
by using Dow Corning 
44 Grease 


In open and single 
shielded bearings 
designed for high temper- 
ature operation, Dow 
Corning 44 has 8 to 10 
times the life expectancy : 
of conventional greases. MIDLAND, MICHIGAN Address 

It gives life-time lubrication - 
in permanently sealed Has 
bearings. 


Dow Corning Corporation, Dept. H-24, Midland, Michigan 


Please send me 


D OW C 0 R N | N G © More performance data on Class H 


List of Class H rewind shops 
0 Class H Transformer Manufacturers 
CORPORATION 


O List of Class H Motor and 
0 “Tall Tales and Fabulous Facts'’ about silicone products 


Title ees 


= “3 Zone — State 


ATLANTA © CHICAGO e¢ CLEVELAND e¢ ODALLAS e+ DETROIT + LOS ANGELES e« NEWYORK e¢ WASHINGTON, D.C. 


(SILVER SPRING, MD.) 


Canada: Dow Corning Silicones Ltd., Toronto » Great Britain: Midland Silicones Ltd., London ¢ France: Cie. St. Gobain, Paris 
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Dramatic symbol of America’s 
industrial might, U.S. Steel’s big 
Fairless Works is completely new 
—a giant at birth! From founda- 
tions to furnaces, here is an out- 
standing example of industrial 
foresight and planning. 

Among this huge mill’s many 
impressive innovations is_ its 
planned system of power distri- 
bution. Substations, switchgear, 
and circuit breakers—channeling 
power throughout this giant of 
steel—are strategically located to 
provide maximum _ protection, 
control, and continuity of service. 

Installation of only the finest 
of equipment has been a long 
tradition at U.S. Steel. Electrical 
distribution equipment—of fun- 
damental importance—has to be 
rugged and dependable to fulfill 
these vital requirements. 


at U.S. Steel’s new 


FAIRLESS WORKS 


kilowatts for a colossus feed 
through switchgear and circuit breakers built by 1-T-E 


I-T-E METAL-CLAD SWITCHGEAR 
“Some 70 modern indoor and outdoor I-T-E Unit Substations __ installed in cold mill for 2400-volt distribution. 
transform and distribute power throughout the mill. I-T-E Low- : : 
Voltage and Metal-Clad Switchgear, as well as Heavy-Duty I-T-E 
Circuit Breakers, guard the many critical steel processes. 

From the start, I-T-E gave important engineering assistance 
in the preparation of specifications and in expediting switchgear 
_orders for the Fairless Works. As a result of this close coopera- 
tion, power distribution equipment was on the ground when 
needed to fit right in with tight construction schedules. 
Traditionally a supplier of U.S. Steel, I-T-E is proud of its 
place as a major contributor of quality power distribution equip- 
- ment for the new Fairless Works. 


AT FAIRLESS— 


I-T-E Switchgear protects: I-T-E LOW-VOLTAGE SWITCHGEAR 
i installed in sheet and tin mill for 480-volt 
distribution. 


rolling mills open hearths 


coke ovens maintenance shops 
power house auxiliaries | office building 
billet mills | car dumper 
strip mill ore dock 
blast furnaces oil bulk storage 


For details, contact the I-T-E field office nearest you. Look 
in your classified directory under “Electric Equipment.” 


ERS 


Types MT 
ing in billet mill. 


C sectionaliz- 
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FULL 
PROTECTION 


A heavy gauge steel case 
protects the core and coil 


30A 


HEVI 


INCREASED 
SERVICE LIFE 


Specially designed case 
directs air flow through 
coil ducts minimizing 

temperature rise 


QUIET 
OPERATION 


Core operates ata 
low flux density 


H.v Duty Transformers are designed and 
built for long life and offer you that extra protection 


WELCOME RIGID 
CONVENIENCE 


A removable top cover 
exposes the large wiring 
compartment and 

—1 facilitates installation 


weldments 


EASY 


identification 


MOISTURE 


varnish 


STRENGTH 


coil and core 


ECONOMY 


costs 


stresses 


COMPLETE 


- - » Which all add up to 


EXTRA VALUE and DEPENDABILITY 
in HEVI DUTY TRANSFORMERS 


needed during peak operating periods. 
Standard or special transformers, available in 
sizes 2 VA to 2000 KVA. 


Write for Bulletin HD-499. 


DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN — »_ 


Heat Treating Furnaces... Electric Exclusively 


Dry Type Transformers 
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CONSTRUCTION 


The core is tightly 
clamped between steel 


CONNECTIONS 


Extra long heavily 
insulated terminal leads 
are clearly marked for 


RESISTANT COILS 


Coils are vacuum pressure 
impregnated with 
polymerizing type 


HIGH DIELECTRIC 


Coils are wound with 
double insulated copper 
wire with large electrical 
clearance between 


ENGINEERED 


Designed for optimum 
copper to core loss ratio. 
The use of high grade 
non-ageing silicon steel 
assures low operating 


SHORT CIRCUIT 
PROTECTION 


Coils are rigidly blocked 
to withstand internal 


VERSATILITY 


Brackets are provided 
for either floor or 
wall mounting 


Constant Current Regulators 


.. FOR EVERY REQUIREMENT 


IN THE ELECTRICAL FIELD 


Our Record: Over 50 years of 


progressive galvanizing service 
to manufacturers and fabrica- 
tors of iron and steel products 

. . any size or shape, any size 
order from the smallest to the 
largest. Excellent facilities for 


pickling and oiling. 


“TO ECONOMIZE, 
GALVANIZE AT 
ENTERPRISE”’ 


AIEE TRANSACTIONS 
VOLUMES WANTED 


A refund is offered for the 
1947, 1948, 1950, 1951 and 
1952 bound volumes of AIEE 
TRANSACTIONS. Please 
mail (parcel post) to the 
American Institute of Electri- 
cal Engineers, 33 West 39th 
Street, New York 18, N. Y., 
printing your name and ad- 
dress upon the wrapper. 


$4.00 plus postage will be 
paid for each 1947 Transac- 
tions volume, $5.00 for each 
1948, 1950 and 1951 volume, 
and $6.00 for the 1952volume, 
provided the books are in a 
salable condition. 
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7.5 KV to 69 KV 
400-600-1200 AMPERES 
GROUP OPERATED 


“Neither 


Snow, 
nor rain, 


nor heat... 


3 


Like the American Postman—Roller-Smith 
equipment for the Electrical Industry serves 


dependably under extreme conditions. ® HIGH PRESSURE, SELF-CLEANING SILVER CON- 


TACTS. 
This new Duo-Roll Air Break Disconnect Switch typifies quality | @ COMPLETELY VISIBLE HINGE AND CLIP CON- 
of the equipment manufactured by Roller-Smith for the Electrical TACTS. 
industry. Our Products incorporate all the very latest design im- } >» “SHUNT-LESS” HINGE CONTACT ALWAYS EN- 
provements and offer all the advantages that modern production . GAGED. 
techniques and strict testing procedures provide. Shown operating » BUILT TO WITHSTAND HIGH SHORT-CIRCUIT CUR- 
under a 11/2 inch ice load, this new switch includes the following RENTS. 


features which assure the same trouble-free performance you can 


‘ i RE-DESIGNED SWITCH BLADE ROTATES TO CRACK 
expect from all Roller-Smith equipment. 


ICE LOAD, THEN RAISES TO OPEN CIRCUIT. 

omen Rs SWITCH BLADE IS ‘LOCKED’? WHEN IN CLOSED 

os SF Fl Sa Ee RE POSITION. 
) é SWITCH MAY BE MOUNTED IN ANY POSITION. §f 


ADJUSTABLE CLEVIS ASSURES POSITIVE CON- | 


CORPORATION RN TACT AT ALL MOVING PARTS. 
ne et en ae mel AIET CLIC E HINGE AND CLIP TERMINAL PADS ARE AT SAME 
ELEVLIRIVLAL JWT INTIVUEAT ELEVATION. 
BETHLEHEM, PENNSYLVANIA ROTATING INSULATOR BEARINGS ARE  SELF- 
Available thru Authorized Wholesalers. LUBRICATING. 
Sales Representatives in all principal Cities. 
CANADIAN FOREIGN 
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A er This is one of IBM’s four laboratories, each providing 
heed, ; the most advanced facilities for engineering achievement. 


£2 


In every field of human endeavor there are to harness and apply the atom’s power for 


individuals whose unique abilities —whose defense and peace. 


important contributions to progress in their 


On life’s broader scene, products of IBM 


own professions and to the happiness, wel- : i one ee 
. ee peal ec engineering make signincant contributions 
fare, and prosperity of mankin to wealth and well-being. They are helping 


earned them the high esteem of their fellow miedicaleseeitc: Gn is balesaeere een 


rofessionals. 
P diseases. They assist our law enforcement 


The physician’s physician. The author’s 
author. The engineer’s engineer. 


IBM mechanical and electronic engineers 
have won the respect of their fellow pro- 
fessionals for their creative thinking, their 
concern with perfection, their daily stand- 
ards of performances. 


Equipment from the minds and hands of 
IBM engineers has opened doors to progress 
for other engineers and scientists. [BM’s 
giant digital computers, for example, are 
helping petroleum engineers speed their 
search for oil—aeronautical engineers to 


conquer time and space—nuclear physicists 


agencies in providing greater protection for 
life and property. They enable business and 
industry to produce more with less effort 
and at lower cost for the mutual benefit of 
maker and user. 


Whenever IBM equipment is used—elec- 
tronic digital computers, electronic and 
electric accounting machines, electric type- 
writers or time equipment—the sum of 


human progress increases. 


TRADE MARK 


INTERNATIONAL BUSINESS MACHINES * 590 MADISON AVENUE, NEW YORK 22, N. Y. 
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Light and lots of it is the very best deterrent 
there is to crimes of violence. That is why it is 
so terribly important that residential streets, 
as well as boulevards and shopping areas, be 
adequately and dependably lighted. 

Dependable lighting has to be more than 
good looking, scientifically designed lighting 
fixtures. The power cables are part of it too. 
Such cables must be able to withstand winter 
' thaws and freeze-up, as well as summer rains. 


They must also withstand high summer heat 
and winter cold. 

ANHYDRExX Series Street Lighting Cables 
do this and more. They can be buried in the 
ground or pulled through ducts. Sometimes 
they are used inside the lighting standard. But 
regardless of how they are used, they are de- 
pendable. They require no lead sheaths or 
metallic armor. 

Want to know more about these versatile 
street lighting cables that can be used overhead 
or underground with or without ducts? Write 
us directly or contact our representative in 
your area for more detailed information. 


‘-ANHYDREX 
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SIMPLEX WIRE & CABLE CO., 79 Sidney Street, Cambridge 39, Mass. 
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ELECTRICAL 
ENGINEERING 


America’s 


NO 1 


Electrical 
Magazine 
Ss 


More than 


99,000 


Circulation 


You'll find the greatest 
names in the electrical 
industry using Electrical 


MARCUS 


CHECK THESE MARCUS Every MARCUS Transformer, whatever its 
B “PLUS” FACTORS FIRST! | cJass and for whatever purpose, is engineered 


® Higher Dielectric 


| Strength! and constructed to far exceed its particular Engineering 
| © Greater Capacity” tor specification demands. Underwriters Labora- 
Overloads! 
© Greater Protection tories, Nema and AJEE standards are only a 
Against Surges! ob ‘ ° ° e e 
| ® Quieter Operation! starting point for our development engineers. Electrical Engineering 


© Better Protection 


AacinstiMoiiiens The proof of performance is evidenced in 


leads with the largest 


© Proven Dependability! thousands of installations all over the world circulation of any 
| enh ara because MARCUS Series “5000” class B engineering periodical 
| os Fae “Plus” Transformers approach class H insula- in the electrical field. 
| © DISTRIBU 
| © GENERAL PURPOSE tion but operate at Class B temperatures. That 
eo UNIT SUBSTATION 
| © PHASE CHANGING safety factor plus constant research are your L 
owest 
| * EEE LAURSACE assurance that the MTC Seal on your Trans- ae Sone hod 
| Serre ap ; a atone os per thousand circulation 
° ormers means longer life, and uninterrupte 
| © MOTOR STARTING 7 : P GUARANTEED 
© SPECIAL trouble-free performance. 


Write for information 


ELECTRICAL 
ENGINEERING 


500 Fifth Avenue 
New York 36, N. Y. 


om von Le MARCUS 


TRANSFORMER (CO., inc. 
RAHWAY, NEW JERSEY 


Representatives in Principal Cities 
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Appalachian Electric Power Co. 


Ohio Power Company 
Public Service Company of | 
Duquesne Light Company z 
Dayton Power and Light ate 
Cincinnati Gas & Electric Comp? 
Detroit Edison Company 
Toledo Edison Company 
Idaho Power Company 
Indiana & Michigan Electric Co. 


ndiana 


i ine towers 
Recent high voltage line 
by AMERICAN BRIDGE 


AMERICAN BRIDGE Us) 


UNITED 


ransmisston ‘loners 


designed to carry any load 


.-to fit any terrain! 


AMERICAN BRIDGE steel towers carry many thousands of circuit- 
miles of transmission lines across this great land. Scaling the heights of 
rugged mountains; through marshy lowlands, traversing every con- 
ceivable kind of terrain, these steel transmission towers are helping 
make America’s great power distribution system the world’s best. 

American Bridge towers are made to order for every type of trans- 
mission line service. They are designed for simplified erection on level, 
side-hill, or rocky butte sites. They are engineered for heavy-duty 
service under the severest climatic conditions. 

Incorporating special design features such as steel grillage earth 
anchors and variable leg extensions, American Bridge towers make 
possible important savings in time, labor, and material costs. 

The technical knowledge and experience American Bridge has ac- 
quired in more than fifty years of designing, fabricating and erecting 
towers may be just the answer to your problems. Our engineers wel- 


come an opportunity to figure on your requirements. Just write our 
nearest office. 


AMERICAN BRIDGE DIVISION, UNITED STATES STEEL CORPORATION 
GENERAL OFFICES: 525 WILLIAM PENN PLACE, PITTSBURGH, PA. 
Contracting Offices in: AMBRIDGE - ATLANTA - BALTIMORE - BIRMINGHAM - BOSTON - CHICAGO 
CINCINNATI - CLEVELAND - DALLAS - DENVER - DETROIT - ELMIRA - GARY - MEMPHIS 
MINNEAPOLIS - NEW YORK - PHILADELPHIA - PITTSBURGH - PORTLAND, ORE. - ROANOKE - ST. LOUIS 
SAN FRANCISCO - TRENTON UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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FOOD PROCESSING 


TEXTILE MILL (RAYON) 


REFINERY 


PULP AND PAPER MILL 


The Lowest Cost Corrosion Resistant Conduit 
for Plants Like These is 
ALCOA ALUMINUM RIGID CONDUIT 


Alcoa® Aluminum Rigid Conduit, especially 
resistant to industrial atmospheres that often 
attack other metals, costs less than any other 
corrosion resistant conduit. The excellent per- 
formance of aluminum conduit in corrosive 
conditions means lower maintenance costs and 
less frequent replacement. 

In addition, Alcoa Aluminum Rigid Conduit 
is nonmagnetic, lowers voltage drop, elimi- 
nates overcrowding of terminal enclosures and 
simplifies the installation of electrical equip- 
ment having widely spaced terminals. 


For complete information write for 
Alcoa’s new booklet, Alcoa Aluminum 
Electrical Rigid Conduit. 
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ALCOA 


Alcoa Aluminum Rigid Conduit reduces 
handling, fabricating and installation costs. It 
is only about one-third the weight of the 
same size in steel. A 10’ length of the 4” 
size weighs only 33 pounds and can easily be 
handled by one man. 

Alcoa Aluminum Rigid Conduit is approved 
by Underwriters’ Laboratories, Inc. and each 
piece bears their label. Readily available. Call 
your local Alcoa sales office, listed under 
“Aluminum” in your classified directory. 
ALUMINUM COMPANY OF AMERICA,2102-M 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


ALUMINUM COMPANY OF AMERICA 
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In the “heart” of your plant... 


an UPTEGRAFF LOAD CENTER TRANSFORMER 


reduces costs...improves power characteristics 


Uptegraff announces a complete line of Liquid Filled LOAD 
CENTER TRANSFORMERS — 150 KVA to 2500 KVA, 3 
phase — designed for convenient installation with various 
types of switching equipment and terminal arrangements. 

The use of Uptegraff Load Center Transformers offers sav- 
ings up to 15 per cent as compared to the practice of using 
remote outdoor transformers to supply low-voltage power to 
machines and equipment located indoors. With load center 
transformers, costly low-voltage runs are kept to the mini- 
mum, and power characteristics are improved. 

Uptegraff Load Center Transformers are designed and built 
specifically for this class of service. In addition to savings in 
installation costs, they offer substantial economies through 
operating efficiency. They are dependable and require the 
minimum of maintenance. 


R. E. Uptegraff Manufacturing Co. 


Scottdale, Pennsylvania 


NEW HANDBOOK 
—_—___ > 


The new Uptegraff Load Center Trans- 
former Handbook simplifies the se- 
lection of a suitable unit, including 
auxiliary terminal equipment to pro- 
vide the facilities you require. It gives 
overall dimensions and weights (in- 
cluding terminal devices, etc.) for all 
ratings from 150 to 2500 KVA,—3 
phase. Write for a free copy. The 
coupon below is included for your 
convenience. 


| R. E. Uptegraff Manufacturing Company 
Scottdale, Pennsylvania 


; Please send a copy of your LOAD CENTER TRANSFORMER 
| brochure, Catalog 132, to: 


i 
| 
| 


Name Position 


| Company : 


(Adder 


EE-1 2 
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In Your Distribution Substations 


HAT DOES IT TAKE 


0 Switch the Primary? 


Do you have to consider whether the load is on and 
what it amounts to? What is the KVA rating of the trans- 
former? And what about the system voltage? 


Do you have to unload the secondary before break- 
ing the primary? 


What would happen in an emergency? ... or if 
someone opened a switch inadvertently? 


These considerations apply (consciously or unconscious- 
ly) when conventional air switches are used. 


SPECIALISTS IN HIGH-VOLTAGE. 


BERRANTE TRANSFORMERS, 


for the Alcan Project, British Columbia, Canada 


XS >A, Ne aay 
: <=" s® 
Whi Taz ac 
; Sy rae 


Diem 5 


"4 * ; 


FERRANTI LTD. Head Office and Plant: HOLLINWOOD - LANCASHIRE * ENGLAND 
London Office : KERN HOUSE, 36 KINGSWAY, W.C.2. 
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: 1000 MCM — 14 You Can Keep Your Copies of 
ELECTRICAL ENGINEERING 
in Orderly Fashion 
and Good Condition 


Practical attractive binders that 
hold the issues of ELECTRICAL 
ENGINEERING for one year 
14 are now available. Your copies 


60, 100 & 200 AMPS. 


may be easily and quickly in- 


VT serted, and can be removed 
FUSE CLIPS ‘s ae 
readily, if necessary. 


600 MCM — 14 


a) Z 500 MCM — 6 
i é 


— WRITE FOR 80-PAGE CATALOG 


OEZEM masiemont AVE., CINCINNATI 27, OHIO 


With the Widest 
Frequency Coverage 
in a Single Band 


Binders have stiff covers of 
heavy quality dark blue imita- 
tion leather, round corners, and 


FEATURES 
@ Excellent coupling sensitivity. 
@ Fixed coupling point. 


eismatlcridicutest variation are embossed on the cover and 


over band. backbone with the title, the 
@ Calibration pointevery 10Mc. ~ zs A 
@ Uses split-stator tuning con- — Institute’s emblem, and the 
denser with no sliding metal | = ° 
baci words—Jan.-June; July-Dec. 


@ Standard camera socket for 
tripod fixtures. 


The binders come in sets of two, 
and at a cost of $4.00 per set 
(no discounts allowed), with 
postage prepaid, may be ob- 
tained from 


® Octagonal case for convenient 
positioning. 

®@ Useful in television transmit- 

ting and receiving equipment. 


SPECIFICATIONS 

FREQUENCY RANGE: 430-940 Mc in a single band 
FREQUENCY ACCURACY: =+ 2% (Individually calibrated) 
OUTPUT: CW or 120-cycle modulation 


POWER SUPPLY: 117 volts, 60 cycles, 30 watts ORDER DEPARTMENT 


DIMENSIONS: Oscillator Unit 454" x 22“ 


Power Unit 5%“ wide x 64%” high x 72" deep 
American Institute of 


MEASUREMENTS Electrical Engineers 
Laboraliny Dandi (A CORPORATION 33 West 39th Stree! 


“BOONTON - NEW JERSEY New York 18, N. Y 
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Arnold Pulse Transformer 
Cores are individually tested 


under actual pulse condrbons 


weD $2386 


WRITE 
for your 
COPIES 


“MAGNETIC MATERIALS CATALOG” 


General information on all Arnold 
magnetic materials: permanent mag- 
nets, tape-wound and powder cores, 
types ‘“C’ and ‘‘E”’ cut cores, etc. 


“ARNOLD SILECTRON CORES” 


52 pages of valuable data covering a 
complete range of core shapes, sizes, 
tape gauges, etc. 


ADDRESS DEPT. EL-12 


The inset photograph above illus- 
trates a special Arnold advantage: a 
10-megawatt pulse-testing installa- 
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
“C”’ cores—supplied with a guaran- 
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 


pulses per second, at a peak flux 
density of 10,000 gausses. 

The test equipment has a variable 
range which may enable us to make 
special tests duplicating the actual 
operating conditions of the trans- 
former. The pulser permits tests at 
.05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold’s 
facilities for better service on mag- 
netic materials of all description. 
@ Let us supply your requirements. 
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WESTON LIGHT RECORDER 


Model 703 
Sightmeter or 
Foot-Candle Meter 


For quick measure- 
ments in homes, facto- 
ries, etc. Calibrated in 
seeing tasks (Sight- 
meter) and directly in 
foot candies. Available with or without 
VISCOR® and cosine correction filters, 


. — Model 6701 WESTON Light 
_ Model 614 : ___ Recorder. PHOTRONIC®_ 
Foot-Candle dd _Photo-electric cell sensing 
Meter me ee me P | lement can be placed 
oF Ee = / . wherever convenient. Re- 
For commer- | i __ corders available with ranges 
cial lighting | Wer ___. from 20 ft. candles up to as 
surveys. Hinge | _ high as 15,000 ft. candles. 
mountedPHO- {|} ae in Ideal for load anticipation _ 
TRONIC® studies, determining — light 
Cell can be tilted to facilitate use. Mea- == Output of flares, daylight 
‘sures all types of commercial lighting |=  +-—« PME ASUTements, and many 


directly. Wide range of light values. _ Other industrial appli- : 
cations, : 


Model 756 Illumination Meter 


For measurements 
requiring a high 
degree of accuracy 
over broad ranges. 
Ideal for research 
and checking other 
instruments. Cor- 
rected for color 
and Lambert’s 
Cosine Law. 


For omplete informatig 
WESTON Elec 
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New Low-Temperature Elemex dielectric 
operates equally well at extremely low 
and high ambient temperatures. It is rec- 
ommended for banks to be switched af 
temperatures below —18° C. (0° F.). 


“Switch Capacitors In Any Weather 
With New Low-Temperature ELEMEX’ 


When capacitors are continuously ener- 
gized, they automatically maintain safe in- 
ternal temperatures. But a switched 
capacitor that is disconnected from the line 
during low ambient temperatures is subject 
to congealing or freezing of the dielectric 
liquid, depending upon the length of time 
the capacitor is de-energized. 


Energizing Warms Capacitor 

Tf the dielectric reaches temperatures down 
to —18° C., re-energizing the capacitor will 
quickly warm the dielectric back to a safe 
operating temperature. But if the temper- 
ature drops below —18° C., and the capac- 
itor is de-energized for some hours, the 
danger of failure is greatly increased, and 
the failure of some units in banks switched 
at these extreme low temperatures may be 
expected. 

Users of standard Elemex capacitors have 
been especially fortunate in this respect be- 
cause the flexible tank sides of Elemex ca- 
pacitors do, to some extent, compensate for 
the contraction of the liquid at low tem- 
peratures and somewhat reduce the extent 
of voids in the congealed liquid. 


Lower Freezing Point Needed 
But as switched installations increase, par- 
ticularly in areas subject to extremely low 


temperatures, it is desirable to use a dielec- 
tric which can stand much lower ambient 
temperatures without congealing. Therefore 
capacitors with Low-Temperature Elemex 
liquid are now supplied upon request, with- 
out extra charge. 

Low-Temperature Elemex remains liquid 
at very low temperatures. It can be safely 
used in switched installations with temper- 
atures as low as —40° C. Also, Low-Tem- 
perature Elemex capacitors operate as 
satisfactorily under higher ambient temper- 
ature conditions as do those with standard 
Elemex. 


Want Capacitor Application Data ? 
For complete information on the construction 
and application of Elemex Capacitors, ask the 
L-M Field Engineer for bulletins. L-M makes 
a wide variety of data avail- 
able. Or write Line Material 
Company, Milwaukee 1, Wis- 
consin (a McGraw Electric 
Company Division). 


“Elemex” is a registered trade-mark of the Line Material Company 


Elemex Capacitors offer many other desirable 
features—solder-sealed bushings with Para- 
groove connectors; exceptionally low rate of 
failure. Get details on their construction, 


He's using the telephone 


that lends an extra hand 


‘Sure... 


een 


. I’m looking up the figures right nowl’’? From busy executives to clerks, people in business can 


work more easily and efficiently with Bell’s new Distant Talking Telephone. Small white rectangle is the loudspeaker. 


For people who want to keep both 
hands free when they telephone, Bell 
Telephone Laboratories engineers 
have devised a new telephone with a 
sensitive microphone in its base. 


To use it, simply press a button. The 
microphone picks up your voice and 
sends it on its way. Your party’s voice 
comes to you through a small loud- 
speaker. Both hands are left free. 


Bell Telephone Laboratories 


Improving telephone service for America provides careers 


The volume can be adjusted to suit 
yourself. If privacy is needed, you 
simply lift the handset; this shuts off 
the microphone and loudspeaker and 
you talk just as you would on a regular 
telephone. 


This new development of Bell Lab- 
oratories increases the number of ways 
your local Bell telephone company can 
serve in businesses and homes. 


for creative men in scientific and technical fields. 


50A 


Pencil points to microphone in base of new 
telephone. Left-hand button controls volume, 
center one turns set “on” and lights up while 
in use. The third is an “off” button. 
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are you fighting space? 


Are you looking for complete electrical circuit 
dependability in a very, very small space? 

If so, you should use Cannon carefully engineered 
miniature and sub-miniature multi-contact connec- 
tors. In 2 or ¥3 the usual space, they give you up 
to 50 contacts, the same number as a standard con- 
nector, and still retain all the factors of utility, reli- 
ability, and mechanical strength found in Cannon's 
standard size connectors. They are very rugged, easy 
mating, unusually versatile, neat and compact. 


Miniatures—Maximum Dimensions Only 1” x 2”! 


SUB-MINIATURE 


SUB-MINIATURE 


MINIATURE 


first in connectors 


CAININON 
esate Ze 


Write for Cannon Miniature and Sub-Miniature Bulletins 


Please refer to Dept. 117 


CANNON ELECTRIC COMPANY, 3209 Humboldt Street, Los Angeles 31, California, 


Factories in Los Angeles, East Haven; Toronto, Canada; London, England, 


Representatives and distributors in all principal cities at your service. 


ESIGNERS 

AND BUILDERS 
OF SPECIAL ns * 9 6%” 
TRANSFORMERS re, *2,poren, ane 


phase, 60 cycle, 69,000Y 

volts primary, 240/480 
DESIGNING ... Designing trans- Und col assembly, low 
formers for special functions is a ‘79° "4% 
service STANDARD engineers are 
well qualified to render. You can 
save time by using STANDARD'S 
design service when ordering trans- 
formers for specific projects, includ- 
_ing .power, distribution, metering 
and testing. 


BUILDING ... Your specially de- 
signed transformers are manufac- 
tured under the watchful eyes of 
the designing engineers. Every step 
in the process of manufacture is 
performed by skilled transformer 
specialists. ASA standards are met 
or exceeded. Call your nearest 
STANDARD representative for infor- 
mation on this useful service. 


Type ATAB power transformer, 1500 KVA, three phase, 
60 cycle, 69,000Y volts primary, 480/240 volts sec- 
ondary. Equipped with hot spot temperature indicator 
and control, provisions for future forced air cooling, 
edestals for mounting station type lightning arresters, 
low voltage terminal chamber and automatic gas seal 
equipment. 


oe 


wt 


WARREN, OHIO 
REPRESENTATIVES IN PRINCIPAL CITIES 
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MINIMIZATION of 
INTERFERENCE 
from RADIO-FREQUENCY 
HEATING EQUIPMENT 
#951 


This report on a recom- 
mended practice reviews the 
theoretical aspects. of the 
interference problem and 
then outlines procedures 
which should be followed; 
which may be applied both 
in construction and as 
remedial measures where 
interference exceeds limits 
specified in FCC rules. 
Price $.80; 50 per cent 
discount to AIEE members. 
Address: 


AIEE ORDER DEPARTMENT 


33 West 39th Street 
New York 18, N. Y. 


Report on 
GUIDING PRINCIPLES 
for 


DIELECTRIC TESTS 


(Published for comment and 
criticism) 

The service record of electric equip- 
ment depends largely upon the per- 
formance of its insulation, and it has 
long been the practice to test new 
insulation at a voltage appreciably 
greater than its rated operating volt- 
age. Dielectric test voltages should 
be chosen to result in good operating 
performance and satisfactory life. 
The purpose of this report (AIEE No. 
51, September, 1949) therefore, is (1) 
to present asurvey of the over voltages 
encountered in service, (2) to review 
existing test values and practices in 
present standards, (3) to propose 
guiding principles or the selection of 
dielectric test values, and (4) to in- 
vestigate other types of testing to 
determine their latent usefulness and 
the desirability of standardization. 
No charge for copies. Address: 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 
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STUDIES SHOW 


Coble ran cooler 
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in Transit Ducte/ , 


HOW TRANSITE DUCTS 


I. INCREASE CURRENT CARRYING CAPACITY 


TRANSITE 
INORGANIC 


DUCTS 
. Total Therm. Res. to Dielectric Loss 
(thermal ohms) 5.61 


. Total Therm. Res. to Copper Loss 
(thermal ohms) 4.21 


. Temp. rise from Dielectric Loss (°C) 1.9 
. Allowable rise for Copper Loss (°C) 59.1 


. Allowable watts for Copper Loss per 
ft. cable : 4.70 


. Allowable Current—(Amps per cdr) 398 


. Allowable Current—(Relative %) 105.1 


Il. YIELD DOLLAR SAVINGS 


ORGANIC 


DUCTS . Greater heat carrying ability of 
Transite (%) 


. Watts loss per foot at equal currents: 
Organic Duct 
Transite 


‘ 
. Savings in losses with Transite 
(watts/ft.) 


. Annual dollar savings @ $20/KW 
per M ft. 


. Annual greater charges for Transite 
per M ft. on basis: 1 Y3 ducts percable 
Diff. mat. cost—$.04/ft. 

Carry. Chgs.—Int. 6%, Taxes 242% 
Depr. 1%; Total 92% 


. Net annual savings with Transite $ 
per M ft. 


CONDITIONS: Cable—3 Cdr. 500 MCM Compact Sector, 175 mils paper, 125 mils lead 15 KV grounded neutral (8th Edition 


AEIC Spec.) Theoretical Cable Diam.— 2.52”. 


Duct—2 x 2 bank, 3 loaded, 4” ducts, 6 2” spacing, 30” earth cover, 3” Concrete 


around ducts. Concrete-Soil Resistivity—84 (watt-cm). Load Factor 75%—Loss Factor 62 %2%. Earth ambient 20C. 


is increased... insulation life prolonged 


‘Tests have been made for many years by the 
Johns-Manville Research Center, to determine 
how Transite Ducts improve the dissipation of 
heat by conductors under load. The application 
of the test results is summarized above. 

The figures prove that Transite Ducts will 
carry heavier current loads than organic ducts 
when sheath temperatures are the same. The re- 
sult is a cooler cable under a given load... lower 
I2R losses... longer insulation life from lower 
operating temperatures. 

Transite Ducts offer many other advantages, 


TRANSITE KORDUCT— for 


PRODUCTS installation 


too. Made of asbestos-cement, they are incombus- 
tible, resistant to corrosion, unaffected by elec- 
trolysis. When arcing occurs, Transite protects 
adjacent cables from damage. These durable, 
light-weight ducts provide complete and perma- 
nent cable protection, together with savings on 
installation and maintenance. 


For complete details on these tests and the 
many advantages of Transite Ducts, write for 
free copy of Brochure EL-29A. Address Johns- 
Manville, Box 60, New York 16, N. Y. In Can- 
ada, 199 Bay Street, Toronto 1, Ontario. 


JM Johns-Manville TRANSITE DUCTS 


in concrete 


—and copper losses are reduced... current capacity 


TRANSITE CONDUIT— for exposed work and installation 
underground without a concrete encasement 
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| — roe ig illustrated in photograph 
- i ow. Machinist at left is 


achinist at right is drilling 
féquired for installing sealing 
n 50,000 A.I.C. explosion-proof 


we 


SKILLED CRAFTSMEN MAKE COMP(¢ 

PARTS for Nelson Motor controls, swi 

circuit breakers and electrical specialti in the sec- 
wn above. 


BEITTING UP CONDUIT. 
RUN to Nelson explosion- ‘ 
proof combination motor start- 
er on Nelson Switchrack is 
illustrated in photograph at / 
right. 


NELSON LIGHTING PAN- 
_ ELS & JUNCTION BOXES 
‘are assembled in Machine 

Shop area shown at left. Bus 

supports, starter reset buttons 
\and breaker operating handles 

are installed here. 


_ 


TULSA, OKLAHOMA 


MANUFACTURERS OF: 
Motor Starters @ Circuit Breakers @ Lighting Panels and Junction Boxes in water-tight, dust-tight and explosion-proof enclosures ®@ Instrument 
and Control Panels ® Switchgear and Unit Substations @ ‘‘Centrol’’ Motor Control Centers @ ‘‘Nelex’’ Mineral Insulated Heater Units 


SR 
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ARE YOUR HANDS TIED... 


BECAUSE EXISTING CIRCUITS LACK ADEQUATE 
CAPACITY TO CARRY THE LOAD 


ROCKBESTOS Ave 


CAN INCREASE CURRENT CAPACITY 30 TO 50% 


All you need do to get added capacity __ types of insulated wire. 

without changing present conduit is to Phone or write the nearest Rockbestos 
rewire present circuits with Rockbestos branch office and one of our wire spe- 
A.V.C. ... the wire and cable that size _—_ cialists will analyze your particular re- 


for size carries more current than other quirements. 


~=’ STOCKED 
COAST TO COAST 
Standard Rockbestos 
A.V.C. (N.E.C. types AVA, 
AVB, etc.) are available 
from stock for immediate 
shipment. Call or write near- 
est branch office. 


ROCKBESTOS PrRopDuctTS CORP. 
NEW HAVEN 4, CONNECTICU T 


NEW YORK e CLEVELAND ¢ DETROIT * CHICAGO 
PITTSBURGH ¢ ST. LOUIS « LOS ANGELES *« NEW ORLEANS 


OAKLAND, CALIFORNIA ¢ SEATTLE 
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: 


With “National” Cathodic Protection 
Anodes, you Know you’re protected 
against corrosion. 


Real protection is complete protection. And when it 
comes to corrosion of underground and submerged 
structures, complete cathodic protection is best af- 
forded by impressed-current systems. 


Such systems, using ‘National’? Cathodic Protection 
Anodes, give you the sleep-nights assurance of: 


@ Easy installation 


@ Positively-controlled current flow to match 
prevailing conditions 


@ Constant, instantly-verifiable output. A glance at 
the rectifier tells you it’s working .. . keeping 
inspection costs low. 


@ Many years of fully-effective life ... 
free of costly maintenance. 


Consider performance . . . weigh the overall cost. 
You'll find that “National” Cathodic Protection 


Anodes give you more and cost you less than any 
other kind. 


Write for Catalog Section S-6500 


The term “National” is a registered trade-mark 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 

Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 

IN CANADA: Union Carbide Canada Limited, Toronto 


LEAD-COVERED CABLES PIPE-LINE BOOSTER S INDUSTRIAL PLAN 
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400D 


VACUUM TUBE 
VOLTMETER 


Accurate within 2% 


= 


‘Measures 0.1 milli- 


— volt to 300 volts 


-hp- 400D combines new features never before found in one voltmeter, 
with time-tested conveniences of the famous -/p- 400C. 


Frequency coverage is extremely broad—10 cps to 4 mc. A new amplifier 
provides 56 db of feedback (mid-range) for highest stability and freedom from 
change by external causes. Input impedance is 10 megohms so circuits under test 

are not loaded. Coupling and by-pass condensers are sealed; electrolytic con- 
densers are long-life type. Construction is highest quality throughout; circuitry 
is clean, easy to reach. New compact metal case simplifies handling, occupies less 
bench space. Front tilts upward for convenient reading angle. 


Use the new —/p— 400D for measuring amplifier gain, network response, 
output level, hum and noise, power circuit, broadcast high frequency voltages, 
as an audio level meter, high gain broad band amplifier, null detector, waveform 
monitor, and coil “Q” meter. $225.00. 


HEWLETT-PACKARD COMPANY 
Dept. E 3034 Page Mill Road, Palo Alto, California 


Please send information on: 


{_] 400D [_] 400A 400B [_] 410B [ ] 404A 
Company 
ELECTRONIC TEST wae 
INSTRUMENTS 
City = ae eet Zone State 


for speed and accuracy 


| 
| 
i 
| 
| 
| Name 
| 
| 
| 
| 
| 
| 


Data subject to change without notice. Prices f.o.b. factory. 


GET COMPLETE INFORMATION TODAY! 
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—hp— 410B Vacuum Tube 


Voitmeter 
Wide range, flat response + 1 db, 20 
cps to 700 mc. Small, convenient, sim- 
ple to use. Diode probe places approxi- 
mately 1.5 wufd capacity across circuit 
under test. This plus 10 megohms 
shunt impedance (high frequency) 
means circuits are not disturbed, and 
true voltage reading are assured. Also 
measures dc voltage to 1,000 volts and 
resistances to 500 megohms. $245.00. 


—hp— 400A Vacuum Tube 
Voltmeter 

Direct voltage teadings between 10 
cps and 1 mc. 30 millivolts sensitivity: 
full scale; accuracy is + 3% to 100 kc, 
+ 5% to 1 mc. Voltage range .005 to 
300 volts. Input impedance 1 megohm 
shunted by 25 wufd. $185.00. 


—hp— 400B Vacuum Tube 
Voltmeter 
For measurements 2 cps to 100 kc. 
Sensitivity 30 millivolts full scale. 
Measures voltage .005 to 300 volts, in- 
put impedance 9 megohms shunted by 
25 mutd. Accuracy + 3% to 100 ke. 
Usable as stabilized amplifier. $195.00. 


- 404A Battery- 
perated Voltmeter 

For general voltage measurements 
where ac power is not available. Com- 
pact, portable, splash-proof, ruggedly 
built. 2 cps to 50 kc, .0005 to 300 
volts, impedance 10 megohms with 20 
utd shunt. Ideal for remote broadcast, 
carrier, strain gauge, telemetering, geo- 
physical work; completely hum free 
measurements. $185.00. 
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PROTECTED UNDER STODDART PATENTS 


Precision Attenuation 
to 3000 me! 


TURRET ATTENUATOR featuring “PULL-TURN-PUSH” action 


SINGLE “IN-THE-LINE” 
ATTENUATOR PADS 
F and 

50 ohm COAXIAL 
| TERMINATION 


7% FREQUENCY RANGE: 
| de to 3000 me. 

_ CHARACTERISTIC IMPEDANCE: 

50 ohms 

CONNECTORS: 

Type “‘N” Coaxial female fittings each end 
' AVAILABLE ATTENUATION: 
; Any value from .1 db to 60 db 


VSWR: 
<1.2, de to 3000 mc., for all values from 10 
to 60 db 
“tae to 3000 mc., for values from .1 to 


A 
q 
ACCURACY: 
| +05 db 
POWER RATING: 
One watt sine wave power dissipation 


.., 5end for free bulletin entitled 
Measurement of RF Attenuation” 
@ 
Inquiries invited concerning pads or 
turrets with different connector styles 


STODDART AIRCRAFT RADIO Co., Inc. 


6644-B Santa Monica Bivd., Hollywood 38, California - Hollywood 4-9294 
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Thermal Evaluation of 


Insulating Materials 


(June 1954) 


At the 1954 Winter General 
Meeting the Subcommittee 
on Dielectrics and its Work- 
ing Group sponsored three 
sessions of papers covering 
various phases of the problem 
of evaluating insulating mate- 
rials. Since these papers re- 
view much of the recently 
developed information on this 
subject, it was decided to re- 
print them in this form. As 
test methods on the thermal 
evaluation of insulating mate- 
rials become available, more 
and more data on thermal 
stability of both the newer 
and the older materials 
should develop, and even- 
tually make possible the ra- 
tional revision of AIEE Stand- 
ard Number 1 on a sound 
basis. 


The™ 72-page printed pub- 
lication contains 16 papers 
and discussions, presented at 
the 1954 AIEE Winter Gen- 
eral Meeting. 


Publication S-61 is available 
at the price of $1.50 to mem- 
bers and nonmembers. Send 
orders to: 


Order_Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 


DECEMBER 1954 


BIDDLE %nozecuneut Yous 


NEW PRODUCTS 


RECTIFIER OPERATED, HIGH-RANGE 
MEGGER® INSULATION TESTERS 


The high ranges now availablein 
““Megger’’ Insulation Testers are extremely 
useful in several kinds of field tests. In 
the case of bushings, the insulation resis- 
tance of new units should be in the order 
of 50,000 megohms, and any deterioration 
that may occur in service, which can be 
detected at 2500 volts d-c, will be quickly 
observed with a ‘‘Megger” Instrument, 
of that range and voltage. The high-range 
“Megger” Instrument in ranges up to 
200,000 megohms and ratings up to 10 
ky, therefore, gives the maintenance 
engineer a simple and relatively inexpen- 


Triple and Single Voltage Models 


Triple-Voltage 
5000, 2500 and 
1000 Volts d-c 
Up to 
100,000 Megohms 


Single-Voltage 
10,000 Volts d-c 
Up to 
200,000 Megohms 


sive tool for detecting the deterioration 
in bushings in its early stages. 

Generators, transformers and cables 
can have relatively high 1-minute insula- 
tion resistance values which may increase 
with time during a time-resistance test. 
In such cases—and they are frequent— 
the instrument range should be high 
enough to permit observation of this 
increase of resistance with time. 

These are only a few of the many appli- 
cations for these instruments. For com- 
plete information on all hand-, motor-, 
or rectifier-operated, high-range Megger 
Testers request Bulletin 21-20-EE. 


Bulletin 22-EE. 


Biddle Dielectric Test Set 
Model 1-40 KV 


—for measuring d-c current at volt- 
ages up to 40 ky when applied to the 
insulation of such equipment as 
generators, transformers, bushings 
and cable. 


Carefully considered safety features, 
excellent output voltage regulation, 
simple operation, compact design, and 
facilities for making voltage and current 
measurements at either polarity have 
been incorporated in this test set. 

The set has a current rating of 25 
milliamperes at short circuit, and current 
measurements can be made down to 0.5 
microamperes which is the first division 
on the microammeter. 

Overall dimensions are: height 194 
in., width 13/4 in., depth 20 in., weight 
120 Ibs. All high voltage components are 
oil immersed. 

For complete details, description, 
specifications, and prices, write for 


sich pyc la tate 


James G. Biddle Co. 

1316 Arch St., Phila. 7, Pa. 
| Gentlemen: Please send me 
| (J Bulletin 21-20-EE 
| (J Bulletin 22-EE 
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JAMES G. BIDDLE CO. 


1316 ARCH STREET e PHILADELPHIA 7, PA. 
ELECTRICAL TESTING INSTRUMENTS © SPEED MEASURING INSTRUMENTS © LABORATORY & SCIENTIFIC EQUIPMENT 
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Comparative performance of portable cords related to major life factors. 


200 IMPACT 200 ABRASION 200 CUTTING 


200 


CURE 


72 100. 155.7 ° 69.2 100 153.8 98.9 100 130.6 


New U.S. 
ROYAL MASTER 
portable cord 


Newly developed U. S. Royal Master Cord gives almost twice the serv- 
ice of other molded cords — gives $1.88 value for every cord $1.00! 


Life factor charts illustrate outstanding superiority of new U. S. 
Royal Master over the average of both the molded cords and 
the short-lived continuous vulcanized cords of other makes. 


RUBBERY ELECTRICAL WIRE & CABLE DEPARTMENT 
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TEARING 


TENSION BOO 


100 


FLEXING 


a oe 
922 100 123.3 42.9 100 2288 


Over 
two years ago, U. S. Rubber engineers began a thor- 
ough reexamination of electrical cord design and 
construction. More than a thousand cords, including 
those of all major competitors as well as our own 
U. S. Royal Cord, were thoroughly and painstakingly 
analyzed. Over 10,000 tests were made to determine 
the principal causes of cord failure. 


was carefully and honestly 
appraised to find its relation to overall cord service. 


“U.S.” Engineers then 
drew upon their 64 years of experience in the manu- 


Approved by Underwriters’ Laboratories, {nc. 


facture of fine quality wire and cable to produce this 
exceptional new cord. 


Every fault uncovered by the exhaustive two-year 
testing was tackled and solved. 


The new U. S. Royal Master 
was then tested against all competitive cords—installed 
in outside plants for final on-the-job corroboration. 


So superior, it gives almost double the service life of 
the average of competitive molded cords—actually 
gives you $1.88 in value for every cord dollar! 


the outstanding superiority of new U. S. Royal Master 
Portable Cord—in both service life and economy! Get in touch with your 


“U.S.” distributor today! 


RUBBER COMPANY 


ROCKEFELLER CENTER, NEW YORK 20, N.Y. 
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Convert to 
Dual Channel 
Operation in 


the Range of 
DC to 15 MC 


% 
"Ws ssti SEELEY SII 


A one microsecond rectangular 
pulse was fed to both channels of 
the Electronic Switch. Note lack of 
relative phase shift and excellent 
response of both channels. 


...using any Single-Channel Oscillograph 
with the 


NEW DU MONT 
TYPE 330 ELECTRONIC SWITCH 


The new Du Mont Type 330 Electronic Switch is a self- 
contained accessory for oscillography that permits... 


This is the answer to those studies requiring compari- 
son between two or more functions. Maximum time shift 
between the channels of the Type 330 is within one milli- 
microsecond. Both channels may be adjusted for unity 
gain making it a simple matter to superimpose two 
phenomena for very precise time, phase or amplitude 
comparison. 


1. Converting any single-beam oscillograph into a 
dual-channel instrument. 

2. Adding a channel to any multi-channel instrument. 

3. As a chopper, converting an a-c oscillograph for 


d-c measurement. Three free-running switching rates, IKC, 10OKC and 


100KC, or triggered operation allow selection for best 


Within the range of DC to 15 MC, the Type 330 is presentation on the cathode-ray oscillograph. The Type 


limited only by the characteristics of the cathode-ray 
oscillograph being used. 


330 can be connected into a test setup or disconnected 
as the need arises. 


MAJOR SPECIFICATIONS 
SIGNAL CHANNELS 20, 40, 100, 200, and 400; -accuracy 
I. Sinusoidal Frequency Response: with of attenuators + 2%. 
an output load of 60 uuf,either chan- IV. Output: Level is zero yolts d.c. with 
nel, flat to d.c. and down not more no signal or positioning voltage; 
than 3 db at 15 me. positioning controls provide +1 volt 
II. Amplifier Rise Time: with. external of d.c. positioning voltage. 
load of 60 uuf, no greater than 0.022 SWITCHING 
usec, I. Recurrent: Free-running, fixed fre- 
Ill. Variable Attenuator: Each channel quencies of approximately 1 KC, 10 
has two series stepped attenuators KC and 100 KC; Triggered, rate may 
with attenuation ratios of 1, 2, 4, 10, be triggered at 0 to 100 KC rates. 
; PRICE $295 
UJ MON WRITE FOR COMPLETE INFORMATION 
D T ALLEN B. DU MONT LABORATORIES, INC. 
INSTRUMENT DIVISION 
760 BLOOMFIELD AVENUE e CLIFTON, N. J. 
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At left; top: Federal Pacific Low Impedance Bus Duct feeding 
from Distribution Switchboard. Bottom: Transformer top outlets 
with Service Duct to outdoor Switchgear... Electrical construc- 
tion by Fischbach & Moore, Inc., Victory Electric Works, New 
Orleans. General contractor, Fegles Construction Co., Inc., 
Minneapolis. Engineers, Jones-Hettelsater Co., Kansas City. 


THE RECENTLY COMPLETED New Orleans 
Public Grain Elevator has an extensive “hazardous 
location” electrical system for which Federal Pacific 
has supplied the distribution equipment. From the 
outdoor substation, Federal Pacific Service Duct 
carries electric energy into the main building where 
Low Impedance Duct feeds six distribution center 
electric rooms on different levels. Throughout the 
main building, silo storage section, conveyor belt: 
ramps and the handling and ship-loading equipment 
in buildings along the dock, Federal Pacific Switch- 
gear and Safety Switches help facilitate the handling 
of an average of seven million bushels of grain 
per month. 


Federal Pacific electrical equipment for light and 
power is today’s top specification. Most of this 
equipment is economically assembled from standard 
units... and it is designed and engineered for easy 
installation, complete efficiency and ready adapta- 
bility for future changes. 


Submit your electrical distribution problems to 
Federal Pacific for study and suggestions. Write 
Federal Pacific Electric Company, 50 Paris Street, 
Newark 1, New Jersey. 


FEDERAL PACIFIC ELECTRIC CO. 


FORMERLY — FEDERAL ELEGTRIC PRODUCTS COMPANY AND PACIFIC ELECTRIC MANUFACTURING CORP. 
Main Office: 50 PARIS STREET, NEWARK 1, N. J. 


eailorel Pacific products: Stab-lok Circuit Breakers, Motor Controls, Safety Switches, Service Equipment, Industrial Circuit Breakers, Panelboards, 
Switchboards, Control Centers, Bus Duct, High voltage circuit breakers and power switches 7 Sales offices in. principal cities. 
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when festing the no-load rai 
of power transformers with the 


NEW "KELLER" 


TRANSFORMER RATIO METER 


References: 
Belgium: 
Canada: 


Constructions Electriques Pauwels S. A., Malines 
Brown, Boveri (Canada) Limited, St. Johns, Quebec 


Germany: AEG Transformatoren-Fabrik Stuttgart - Bad Cannstatt 


Spain: La Electra Industrial S. A., Tarrasa 


Sweden: 


AB Svenska Transformatorfabriken, Linképing 


Switzerland: Brown, Boveri & Cie. A. G., Baden 


Ask for bulletin: Aa 106 


used in the DC-7... 


is only one of many users who 
have found that Dalohm precision 
power resistors offer every desir- 
able characteristic — smallest in 
size; sealed in silicone; 100% 
impervious to moisture; complete 
welded construction; TC. 0.00002/ 
Deg. C; resistance ranges to 55,000 
ohms; tolerances 0.05% to 5%. 


RH-Types (also available in 50 and 
25 watt sizes) silicone sealed in die- 
cast radiator finned housing, and 
mount on sub-panel for maximum heat 
dissipation. 


ire e or call 


1312 28th Ave. Phone 2139 


INC, 


Columbus, Nebraska, 
U.S.A. 


In Canada — 


Teletronics Corp. Ltd., Toronto and Montreal 
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Review of 


Electronic Digital 
Computers 


Papers and discussions presented at the 
Joint AIEE-IRE Computer Conference, 
Philadelphia, Pa., December, 1951 


Descriptions of ten large-scale 
electronic computers of varying de- 
sign and performance are contained 
in this publication, giving a cross 
section to date of both parallel and 
serial types of electronic computers 
using storage devices including 
mercury delay lines, magnetic 
drums, and cathode-ray tubes. Other 
papers contain detailed operating 
and component experience on cer- 
tain of these calculators, and a sum- 
mary of the present state of computer 
development and some of the future 
possibilities of the transistor in com- 
puter design. 


This 114-page special publication 
(S-44) is available for the price of 
$3.50 (no discounts allowed). Write 
for copies to: 

AIEE ORDER DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 


DECEMBER 1954 


A 


f 
hey 


Arrow shows injection molded 
U-bolt made from Geon rigid 
vinyl. 


B. F. Goodrich Chemical Com- 
pany does not make this electrt- 
cal equipment. We supply only 
the Geon resin for the rigid 
vinyl plastic. 


LECTRIC service is occasionally 

disrupted by birds and small 
animals that short circuit line equip- 
ment. But General Electric has ‘“‘bird- 
proofed” their open drop-out fuse 
cutouts with high impact and high 
dielectric strength Geon rigid vinyl 
plastic. 

The G. E. cutouts protect equip- 
ment and lines from overloads and 
short circuits and expedite location 
of storm-damage for repairs. The 
unit is mounted to its hanger by means 
of a U-bolt which is insulated with 


GEON RESINS e 
GEON polyvinyl materials 


HYCAR American rubber e 


nother new development using 


B. F. Goodrich Chemical -- =-:-. 


injection molded Geon rigid vinyl. 
Geon was selected for this applica- 
tion because of its high dielectric 
and mechanical strengths and excel- 
lent weathering properties. 

This is another example of Geon’s 
usefulness in the electrical field. Geon 
vinyl insulating compounds were 
developed to meet the exacting 
requirements of the electrical power 
industry, equipment manufacturers 
and Underwriters’ Laboratories. For 
information on how Geon can solve 
your difficult insulating problem, 


please write Department GS-6, 
B. F. Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
Cable address: Goodchemco. In 
Canada: Kitchener, Ontario. 


GOOD-RITE PLASTICIZERS ... the ideal team to make products easier, better and more saleable. 
GOOD-RITE chemicals and plasticizers e 


HARMON colors 
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AIEE SPECIAL PUBLICATIONS 


To meet a specialized need, or where it has become advantageous to collate a number of papers on a subject 
in one pamphlet, a series of special publications has been established. Quantities are limited, but orders will 
be filled as fully as possible in order of receipt. Figures in parentheses indicate date of publication. Prices 
quoted are (M) for AIEE members, and (N) for nonmembers. 


PRICE 

M_ 
S4 Advanced Methods of Mathematical Analysis as Applied to Electrical Engineering (1942)..... .50 : 
S57.__—sC Aircraft Technical Conference (1953), Conference Papers Only.....................++++-: 3.50 3. 
$57D Part Il-Discussionis .: 4.1 cho ects cai tin shite Lies WO oe CIA ee URL eS -50_ : 
$16 Application of Electric Conversion Equipment to the Electrochemical Industry (11/47)....... .40 
S9 Bibliography of Relay Literature, 1927-1939 (7/41)........... 0.02 cece ee etre ete e eee .25 
S6 Bibliography on Automatic Stations, 1930-1941 (12/42)............... 2... cee cee eee eee .25 
S8 Bibliography on Electrical Safety, 1930-1941 (7/42).......... 0. cece cece ee te ete eee .25 
$35 _ Bibliography on Electronic Power Converters (1/50)... ........... 0s eect ete eee eee .50 iy 
$14 Bibliography on High-Frequency Dielectric Heating (8/47).................0 eee eceeceeees .35 
S62 Bibliography on High-Pressure Electric Arcs (5/54)........ 0... eee cece cece ete ee tetas 1.50 
S39) Bibliography on: Industrial ‘Control'(9/S0)4.), sae ee eee are i) AS 
S43 Bibliography on Power Capacitors, 1925-1950 (1/52)..................0 eee cece ee eee 1.25 
$32 Bibliography on Rotating Electric Machinery................ 000. e eee cee eee eee tee eee eee 1.00 


S60) CIGRE: Report’ on ‘Corona Losses (7/52) heen ae eld) oe eters renee ele ee cee 21 


N 

50 

50 

50 

80 

50 

50 

50 

00 

“15 

1.50 

2.50 

1.25 

2.00 

at ie 

$52 Conference on Electrically Operated Recording and Controlling Instruments (4/53)......... 3.50 3.50 

S29 Cumulative Indexes to AIEE Transactions, 1911-1921 and 1922-1938...................... 2.00 3.00 

S29a Cumulative Index to AIEE Transactions, 1939-1949.............. 0... cece eee eee 2250 2.50 

$26a Electric Arc and Resistance Welding—II* (12/50)...................-..... Saks OC ee 3.50 3.50 

S46 Electric Arc and Resistance Welding—III (10/52)....................-.-2------. aR tes' 3.50 3.50 

S64 Electric Arc and Resistance Welding—IV (7/54).............0 cece cece ceeeeee lee aae Be: 3.50 3.50 

$19 Electric Power in the Pulp and Paper Industry (2/48)............... 00 c cece cence eee e eens .50 1.00 

$51 ‘Electric Engineering Problems in the Rubber and Plastics Industries (1/53)................. 3.50 3.50 

$58 Electrical Engineering Problems in the Rubber and Plastics Industries (10/53).............. 3.50 3.50 

$23a Electron Tube Survey of Instrument Manufacturers and Laboratories (3/48)................ 1.00 2.00 

$50 Electronic Converter Applications and Tubes (7/52).............. 00 ce cece cece een eee ee 3.50 3.50 

S25 Elements of Nucleonics for Engineers (3/49)... 1.0.0... ee cee cee cee te cette eee eect eee .60 1620 

$2 Grounding Principles and Practice (6/45)............ 00.00 e cece eee hited Soden ta tee aie .50 .50 

$54 Joint AIEE/IRE Conference on Telemetering and Remote Control (4/53).................... 3.50 Sos 

S3Yiem Lightning Reterence Bibliography (4/50)e).maci cae eee ise eee een eee .35 70 

S28.) Mathematics:for Engineers. (0. cino terion ees lacey oe tee ee ee oe ee 15 30 

S45 Power Supply for Resistance Welding Machines (4/52).................0. cece eee eeeeuee 1.00 1.00 

$44 “Review of Electronic Digital Computers (2/52))..)..40%.... «is nals s wre s a esieutne Gals pons wieis oe eens 3.50 3.50 

S53 Review of Input and Output Equipment Used in Computing Systems (3/53)................. 4.00 4.00 

S42. Sourcestot Electric: Energy, (1/51)... ssmaceeai een hie oe eee Oe an iene tee wh) 1.50 

S20) ‘Statistical: Methods!in Quality, Control) (2/48)" 2. an eee ernie renee oe eee £35. .70 

S47 Survey of Operation of Mercury-Arc Rectifiers (4/52)............0. 00 cece eee eee eee eee .75 1.50 

S36 Symposium on Electrical Properties of Semiconductors and the Transistor (1/50)............ .25 .50 

S66 Symposium on Higher Distribution Voltage for Metropolitan Areas (9/54).................. 2.00 2.00 

S48” Symposium:on Polyethylene (7/52)c . 3... «es ccertciie fotclennelereasic server en entre are ao .60 1.20 

S56 Symposium on the Use of Aluminum for Insulated Conductors (11/53)..................... 1.50 1.50 

$12  Telemetering, Supervisory Control, and Associated Circuits (9/48)........................ 1.00 2.00 

S61 Thermal Evaluation of Insulating Materials (6/54)..-..........0. 00.00 c eevee ce ee ee eee 1.50 1.50 

S59 Trends in Computers: Automatic Control and Data Processing (4/54)..................... 3.00 3.00 
317% The Electrical Engineer .), U5.050 i ainan cattle fe ee te oapathe ie eee, Soe oar ae, ee, no charge 

S63. The 2nd Feedback Control Systems Conference (4/54)............ 0.0.0 cee eee ee ee eeee. 3.50 3.50 

S22) sTidds500-Kv ‘Test: Project: (1/48). share rs ax-emotoretter es ean ae Ree ioe ate 50 1.00 

55 Ultrashort Electromagnetic Waves (9/43) .........0- 0.00 cec tees eect ect ee eve teeutsueeeas .50 .50 


*An AIEE Conference Report, consisting of the full texts of the papers and discussions presented at a special AIEE technical conference on the subject 
Also available is the following publication, issued by EJC (Engineers Joint Council) of which AIEE is a member: 
SI3'= Engineering’ Protession in Transition (1947); - 0 1. 0s mins oo aeitneeeicn meaner eee .50 1.00 


Os2, (84, (S85, (S86, (S88, (189, (S12, (S13, (814, To Order Department 
(S16, (4817, (9819, (S20, (S22, [(S23a, (S25, [[S26a, (S28, AMERICAN INSTITUTE OF 
O1S29, ($29a, (S32, (S35, (836, (S37, (S839, (S42, S43, ELECTRICAL ENGINEERS 


Os44, S45, 0846, ©1847, (848, [Ss0, (S51, (S52, (S53, 
Ooss4, ©9856, (S57, (JS57D, ($58, [S59, (seo, [S6l, [se2, Ses weer 39th Street 
(S863, (864, [S66 ew York 18, N. Y. 


I enclose remittance of $....for which send me publications checked above. 
NAME... oc cee cece cdvsegs cuneebaeue cies ee poe une inna an nh AIEE MEMBER [7] 
STREET ooo sss.sienie eo  enieca aun agers, engunioge cig meade 4 yet a ctteye Agee, sp Ener ane 
CITY sted Bits cde iecaipirss ip ions Geroipl eve! Suse catalan dotciely os eee LONE ee STATE 
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The term ‘‘National’’, the Three Pyramids device and the 
Silver Colored Cable Strand are registered trade-marks 
of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y- 


District Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


IN CANADA: Union Carbide Canada Limited, Toronto 


WITH 


has, for years, analyzed and supplied the proper brushes 
for large, steel-mill-production equipment. 


is a five-stand tandem cold mill of the type shown, cover- 
ing just about the widest range of motor types and brush requirements found 
in any integrated unit. Calling upon its long experience and diversified 
product line, National Carbon recommended a specific brush grade for 
every electrical component in the mill, from pump motors to main drives. 


were outstandingly successful. Production was established at a high 
level of availability and has continued at the same rate. 


works closely with equipment manufacturers, 
power companies and principal users of industrial power. Customers know 
that for al] motor and generator problems, no other brush supplier can 
match National Carbon’s combination of experience, product-diversification 
and service-facilities. 


Let “National” brushes show you how good really 
good brush performance can be! 


ELECTRICAL AND MAINTENANCE SUPERINTENDENTS! 
Give Your Men This FREE Maintenance Course 


Mail coupon and receive as many copies as you need 
— without obligation. Short, entertaining, instructive 
installments. Profusely illustrated. Quick reference for 
many day-to-day maintenance problems. Useful for 
trainees. First mailing includes all back issues. 


GET IT NOW! 


Send me_____copies of each installment of your DIGEST. ! understand that this 

service in no way obligates me to NCC or to the use of its products. 

NAME 

TITLE 

COMPANY. 

ADDRESS 
(please print or type) DEPT. EE 12-4 


Dennen oe 
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SPECIFY... 


Polman ine. 
‘euler mince 


ee 


HERE’S WHY... 


Shielding is a vital element in circuit design, and the Mag: 
netics, Inc. ‘“Performance-Guarantee” on your shields is 
your assurance that they have been designed and manu- 
factured to meet your performance specifications. You then 
know, whether your shields have been made from Mumetal, 
A.E.M. 4750, or from any other commercially available 
magnetic or non-magnetic material selected to meet your 
needs, they will make money for you on the assembly line 
by eliminating waste. ad 

You also know that these Performance-Guaranteed Mag- 
netic Shields cost no more—indeed, despite the fact that you 
have a guarantee of performance, they are sold at prices 
standard in the industry. Let our Engineering Department 
design your shields and production engineer to your cost 
requirements .. . one more important Magnetics, Inc. serv- 
ice to our customers. 


How Do You Like Your Shields? ... 


Painted, lacquered . . . or unfinished? Painted ... to match 
any equipment shade you select? From any commercially 
available material to meet your performance and cost 
needs? That's exactly how they’re furnished by Magnetics, 
Inc... . to meet your specifications. 


WANT THE COMPLETE STORY? 


Write us . . . on your company i ‘ 
letterhead . . . we'll be delighted e 
to answer your questions. No obli- MAGNETICS mec. 


>», gation, of course. ... 


DEPT. EN-14, BUTLER, PENNSYLVANIA 
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exposure meters 
foo, 


CRUCIBLE PERMANENT MAGNETS 


afford maximum energy... 
minimum size 


It’s a fact, Crucible alnico magnets have a consistently higher energy 
product ... which means more energy from a smaller magnet. 

That’s why, ever since alnico alloys were developed, Crucible has been 
producing them for leading manufacturers of voltmeters, watt-hour meters, 
exposure meters and magnet-equipped devices of all kinds. 

Pp 8 quipp 

Our twenty-years of magnet experience is backed by over a half-century 
of fine specialty steelmaking. You'll find that whenever you have a magnet 


application it will pay you to call Crucible. 


CRUCIBLE 
5A years of | Fine) stclmatigg  NLNICO PERMANENT MAGNETS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


STAINLESS * REX HIGH SPEED * TOOL © ALLOY * MACHINERY © SPECIAL PURPOSE STEELS 
Canadian Distributor — Railway & Power Engineering Corp., Ltd. 


first name in special purpose steels 


—w 
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SPECIAL TRANSFORMERS 
BY LINDBERG 


Lindberg designs and manu- 
factures all types of special 
transformers to fit your pro- 
duction requirements. 

Just let us know your 
transformer problems and 
we will gladly provide the 
right answer. Write for 
Bulletin 1115. 


TRANSFORMER DIVISION 


LINDBERG ENGINEERING COMPANY 
2493 West Hubbard Street, Chicago 12, Illinois 


American Standard for 
ELECTRIC INDICATING INSTRUMENTS 


Panel, Switchboard, and Portable Instruments 


C39.1-1951 is a revision of the first American Standard on 
Electric Indicating Instruments, C39.1-1949, approved by 
the American Standards Association in March, 1949. This 
new specification is intended to assure that instruments con- 
forming to it will be satisfactory for general industrial use. 
Price: $1.60; $0.80 to AIEE members. 


Available through the Order Department 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


New York 18, N. Y. 
12-54 


33 West 39th Street 


WANTED—TECHNICAL BOOKS 


We are looking for copies of these two books: 


me UNIVERSAL 


1560 EAST FIRST STREET 


JWUNIVERSAL | 


op 


PORCELAIN | 


BETTER FINISHED PRODUCT 


As a permanent electrical insulator, there are many 
advantages in using Universal Porcelain. Simple or 
complex in design, large run or small, Universal 
Insulators are made to your exact specifications. 
Dimensions are accurate, body density is uniform. 
What's more, Universal Porcelain will not deteriorate 
from hot arcing, thermal shock, temperature changes, 
moisture, fumes and chemicals. And for the service 
life of your product these characteristics remain un- 
changed. A Universal engineer will be glad to work 
with you, 


CLAY PRODUCTS CO. 


SANDUSKY, OHIO 


EEE nk eA 


throw out obsolete, testing 


Cut Production Rejects and Re-work 
as much as 47% 

Streamline Preventive Maintenance 
Speed Up Trouble Shooting 

with Triplett Model 630 


Streamline Volt-Ohm-Mil-Ammeter— 
quick, accurate checks on voltage, 
current and resistance 


Uses minimum bench space—3-7/32” x 
5-1/2”—only 4 lbs.—completely 
portable for all preventive 

maintenance and 

electrical trouble shooting— 

laboratory instrument precision 
Operation is completely streamlined— 


one switch for both circuit and 
range selection 


33 RANGES 
D.C. VOLTS: 


at 20,000 Ohms/ Volt. 
(For greater accuracy on 
TV and other High 
Resistance Circuits.) 
A.C. VOLTS: 
0-3-12-60-300-1200-6000, 
at 5,000 Ohms/ Volt. 
(For greater accuracy in 
Audio and other High 
Impedance A.C. Circuits. 
D.C. MICROAMPERES: 
0-60, at 250 M.V. 

D.C. MILLIAMPERES: 
0-1.2-12-120, at 250 MLV. 
D.C. AMPERES: > 


0-12, at 250 M.V. 
D.B.: 

—30, +4, +16, +30, 
+44, +56, +70. (For 
Direct Reading of 
Output Levels.) 5 


“Rules for Overhead Line Construction” ta *OHMS: 
General Order No. 64, California Railroad Commission = & 0-1000-10,000 (4.4-44 
printed by California State Printing Office, 1922 = center scale), 
a. *MEGOHMS: 
“Rules for Overhead Line Construction” F= 0-1-100 (4400-440,000 
General Order No. 64-A, California Railroad Commission = | Ohms center scale). 
printed by California State Printing Office, 1928 = 
oS. 
If you have spare copies of > aigcayr 
either or both, please write 3 
W. H. Biegel, Claims Department = ELECTRICAL 
Southern California Edison Company : AAT edelol 
P.O. Box 351, Los Angeles 53, California $39.50 net Bluffton, Ohio 
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0-3-12-60-300-1200-6000, © 


CLARK 
MACHINE 
LIMIT SWITCH 


e This new heavy-duty limit switch is built with a 


minimum of moving parts, and with emphasis on sim- Nylon roller cushions im- 
: plicity of construction. The primary objective in its pact, has low friction co- 
5 3 ; efficient and long wearing 

design is to provide dependable, accurate, trouble-free qualities. 
: operation for a long life. All latch and trip-bearing sur- Reversible operating lever. 
: ini i Simple screw driver adjust- 
: faces are nylon to steel for minimum wear. All springs a oc ieenieter et 

: are in compression for greatest safety—they cannot be tioning. 

: overloaded. This and other features make the switch Heavy molded insulating 
j j chamber surrounds all live 
as nearly fail-safe as possible. parts and providne"weigle 


wiring space for four No. 12 
wires with Stakon connectors. 


Areas subjected to arcing 
are protected by glass-meta- 
mine plates. 


CLARK CONTROL 4 
3. | 
te | Nema Type 5 dust-tight, 
oil-tight enclosure of heavy 
die-cast construction. 


‘ Horizontal Vertical j Horizontal Vertical : 
Side Mounted eon bf bla Side Mounted Flanga'Plate Double-concentric over- 


Flange Plate Flange Plate Flange Plate 3 4 
travel springs in compres- 
sion for fail-safe operation. 


Return spring is in com- 

pression. Can be changed 

SHIPPER without tools to either side 

STRAIGHT LEVERS— (©) Pan of arm, or removed for 
/ PLANER TYPE maintained contact. 


Spring-loaded latches are 
nylon for low friction and 


long life. 
Choice of 14” or 34” con- 
duit opening. 
| Write for Bulletin 102DM 
Engineered Electrical Control i i 1146 East 152nd Street . . Cleveland 10, Ohio 
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Review of 
Input and Output 
Equipment 
Used in 
Computing Systems 


The ideal way to hold parts or assemblies (March 1953) 
in place for brazing is to place them in 
specially designed ‘‘boats” or trays of 
Stackpole carbon. Almost any desired 
shape or size can be supplied. Brazing 
alloys will not stick to them. The trays 
withstand severe thermal shock, thus 
permitting quick cooling of brazed 
parts. Write for Catalog 40A. The Joint AIEE-IRE-ACM 
Computer Conference took 
place on December 10-12, 
1952, in New York, N. Y., 
to discuss the characteris- 
tics and performance of 
input-output equipment as 
it applies to large-scale elec- 
tronic digital computers. 
The conference was held 
under the direction of the 
Joint Committee appointed by 
the Committee on Computing 
Devices of the American In- 
stitute of Electrical Engi- 
neers, the Electronic Com- 
puters Committee of the In- 
stitute of Radio Engineers, 
and the Council of the Asso- 
ciation for Computing Ma- 
chinery. 

Input-output equipment 
presents an ever-changing 
and expanding problem and 
encompasses a very broad 
field of devices. This confer- 
ence stressed those devices 


Stackpole carbon and graphite welding rods which have been brought to 
offer many advantages over metal rods for the Pent ls working ree 
jobbing or building up metal, and often for Sr IRE RO Reo 


cutting. These include higher speed, lower Roovints: large bods eee 


cost, deeper penetrations, generation of more gineers with the present sta- 
favorable atmospheric conditions around the tus of the art. The 142 printed 
weld spot and hotter, more efficient arcs. pages contain 27 pages and 
Plain and copper-coated types are available discussions, representing a 


in all tapers and sizes. Write for Catalog 40A. fairly complete documenta- 
tion of the input-output art as 
it existed at the time of pub- 
lication. 

Publication S-53 is avail- 
able at the price of $4.00 to 
members and nonmembers. 
Send orders to: 


Where heat is conducted to the work between tips; where 
one component of a weld is melted or an alloy solder intro- 
duced to complete the bond, Stackpole brazing tips with 


the famous anti-oxidation “‘F’’ treatment give 4 to 5 times Order Department 

longer life than untreated tips! No mushrooming or stick- 

ing. Withstand radical temperature changes. Available in AMERICAN INSTITUTE OF 

practically any size or shape. Write for Catalog 40A. ELECTRICAL ENGINEERS 
33 West 39th Street 

STACKPOLE CARBON COMPANY New York 18, N. Y. 


ST. MARYS, PA. 
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How Well Does Your Present Source Compare With 
National’s COMPLETE Facilities For Motor and Generator Repair 


Most motor repair shops can perform some of the operations listed below. Very few can handle them 
all. These are not routine operations, but extras which require expensive specialized equipment and 
experience. National service includes all 17 operations. How does your present repair source compare? 


available at at your present 


lus value operatio . . 
p peration National repair source 


— 
. 


redesigning and modernizing by competent engineers 
vapor degreasing to insure good bonding of varnish 
corncob blasting to prepare surfaces like new 


rebuilding and remachining to standard of mechanical fits 


A Fw N 


temporary hotbanding to seat Eells in slots 
hot rerolling of permanent bands 
grinding and polishing of journal shafts 
vacuum impregnating 


dynamic balancing 


@ \30 (oo NIE ES 


grinding and polishing of commutator at top operating speed 


load testing 

high frequency testing 

electronic bar-to-bar and high sensitivity ductor testing 
surge comparison testing 

high potential ground testing 

magniflux testing 


anti-friction bearing inspection 


If you can’t answer “yes” for your present source one safe way — make National your first source for 
on all 17 operations, you’re taking unnecessary all motor and generator repairs. 
chances on getting less than the best repair work. For more details on why the motor or generator 
You can’t tell in advance on which jobs National you send to National will often come back better 
equipment and National know-how will pay off in than new, call your nearby National field engineer 
improved performance or longer life. So play it the today. Or drop us a line for his name and address. 


NATIONAL FLECTRIC (OIL COMPANY 


COLUMBUS 16, OHIO, U. S. Ae roe wane 


ELECTRICAL ENGINEERS: MAKERS OF ELECTRICAL COILS AND INSULATION 
REDESIGNING AND REPAIRING OF ROTATING ELECTRICAL MACHINES 
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THESE ARE 
CRANE INSULATORS | 


These are, left to right... a unit for supporting a rectangular 
conductor which is part of the control circuit on a crane ...a pivot, or bearing 
insulator, for a pickup shoe... and a crane rail support. Metal parts are malle- 
able iron, hot dip galvanized, with galvanized steel nuts and bolts. Porcelain is 
Lapp vacuum-process ware, chocolate-brown glazed; each porcelain body, of which 
you see the shell, has an integral head similar to that of a suspension insulator. 

These are regularly-catalogued items, and appear in the “Industrial” section 
of your Lapp catalog. 

But until Lapp made such units, this requirement was largely handled by in- 
sulators of organic material. Under humidity and the dirt conditions always 
present in industrial plants, leakage current flow would track and short-out in- 
sulators. Lapp’s contribution to such service is insulators stronger, of longer 
life, more nearly self-cleaning, and of a material which permits leakage flow 
without deterioration. 

Lapp has wide experience in working with engineers in the solution of all 
sorts of electrical-and-mechanical problems. To such a cooperative effort, we 
bring a keen willingness to tackle a tough problem, an ability to produce com- 
plicated or difficult ceramic pieces on a basis that makes them practical as to 
cost, and an ability to combine porcelain and metal parts to achieve strong, 
permanent, secure designs. 

Perhaps you have no such problems, and so no interest in this story? Or 
perhaps all you have to worry about is a system involving some thousands of 
insulators, and equipment with insulating components (which, simple as they 
may look, are, in many cases, among the most complicated porcelain parts 
ever made). In which case, there ought to be a lot of interest on your part in 
insulators, and insulating components, which give an extra margin of operating 
security, long life and low upkeep. The kind Lapp makes. 

Lapp Insulator Co., Inc., Le Roy, N. Y. 
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S Ratings allow for 


HERE IS PLENTY OF ROOM for system growth 

because the Vari-Amp feature on these Allis- 
Chalmers single-phase power regulators permits 
operation at. 5 ranges of regulation instead of one 
half-range setting. Initial cost is lower in most in- 
stances. In addition, the Vari-Amp feature provides 
extra short-circuit capacity. No other single-phase 
power regulator offers flexibility like this. 


Unequal Range Gives Full 10% Buck 
Even at Increased Current Ratings 


The Vari-Amp feature also permits retaining full 
10% buck even at increased current ratings. Then 
the regulator operates at heavier loads in a “raise” 
direction . . . at lighter loads in a “lower” direction. 


In addition to those important multiple ratings, 
you get low exciting current, low’ maintenance, and. 
close, accurate control with Allis-Chalmers single- 
phase power regulators. Get the full story. Contact 
your nearby Allis-Chalmers district office or write 
Allis-Chalmers, Milwaukee 1, Wisconsin for Bulletin 
01B6065C. 


A-4461 


Vari-Amp feature makes possible 
these additional gting as 


ae ee otter [sien [sone [aren [seme [am | 


25 times normal short-circuit capa- 
city available with each of these 
current ratings gives short-circuit 
capacities as high as 10,000 am- 
peres on smaller units. 


ALLIS-CHALMERS 
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ASSURE MAXIMUM PROTECTION 
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AGAINST BURN-OUT 


Produced under laboratory accurate performance controls, each 
MIGHTY MITE is carefully calibrated and pre-set individually to give 
your sub-fractional HP motors dependable thermostatic protection. 
Sturdily constructed MIGHTY MITES are thin, compact tubular units 
that are dust-proof, moisture-proof and tamper-proof. 


MIGHTY MITE thermal protectors with new increased electrical capa- 
city will fit into the present design of your stator windings and are 
furnished ready for immediate installation without any resetting or 


adjusting necessary. 


Engineering help, catalog and samples available on letterhead request. 


MIGHTY MITE thermostats also pro- 
tect lighting and control transformers, 
heating coils, generators, signal de- 
vices, air conditioning units, window 
ventilating fans, rectifiers, etc. 


217 ASH STREET 
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MIGHTY 
MITES: 


Fit most present 
designs 


Feature sturdy uni- 
form construction 


Are accurately 
pre-set 


Can be furnished 
with various types 
of terminal 
connections 


Are ready for im- 
mediate use 


AKRON, OHIO 


Plan Now 
for_the 


RE see 


d 
RADIO ENGINEERING SHOW 


March 21-24 


New York City 


Once again, you'll soon have the 
opportunity of appraising all of 
the important new developments 
of the past year in radio and elec- 
tronics. In 4 days, from March 21 
through 24, the | RE National 
Convention and Radio Engineer- 
ing Show will give you the com- 
plete picture of significant 
developments in the industry 
achieved during the past year. 


You'll hear the presentation of 
scientific and engineering papers 
of vital interest to you, carefully 
arranged into related groups of 
technical sessions. 


You'll see more than 700 exhibits 
in a 4-acre panorama of all that’s 
new in the radio and electronics 
field, at Kingsbridge Armory and 
at Kingsbridge Palace. 


The Institute 


of Radio Engineers 
1 East 79th Street, 
New York. City 


———_—_——____——__— 
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Silicone-rubber insulated cable being sub- 
jected to 1400°F flame for 24 hours in 
laboratory tests. Superior materials and 
rigid testing go into each G-E cable. 


How can G-E silicone-rubber insulated cable keep control circuits in opera- 
tion—although engulfed in flame? Why can this cable operate at temperatures 
up to 257°FP What gives it the moisture resistance of the best grades of 
rubber? In short, what makes it an outstanding cable for vital control circuits, 
for boiler room installations, and for high-temperature processing operations? 


The answers to all these questions are the unique properties of the special 
silicone-rubber insulation—and each vital property has a history of G-E re- 
search, development engineering, and testing. Flame tests at 1400°F proved 
that this new insulation would remain nonconducting even when completely 
oxidized. Accelerated-aging tests proved that the cable would dependably 
withstand continuous ambient or conductor temperatures up to 257°F. Sili- 
cone rubber was compounded in many different ways and proportions to 
produce a cable that would retain its electrical and physical properties through 
prolonged water-immersion tests—and that could be handled and terminated 
as easily as an ordinary rubber-insulated cable. 


When you specify G-E silicone-rubber insulated cable or any G-E cable you 
can be sure that the research, knowledge and equipment of the entire General 
Electric Company have been combined to produce the best possible product. 
For more information write Section W137-616, Construction Materials Divi- 
sion, General Electric Company, Bridgeport 2, Connecticut. 


Rog ress ts ote MOSL UmYDOM NL, A preodict 


GENERAL @@ ELECTRIC 
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CAREER 
OPPORTUMAIES 
FOR... 


e mechanical engineers 
e electronics engineers 

e electrical engineers 

e physicists ; 

e mathematicians 

@ aerodynamicists 


@ systems engineers 


SANDIA CORPORATION, a subsidiary of the Western 
Electric Company, operates Sandia Laboratory under 
contract with the Atomic Energy Commission. Sandia 
engineers and scientists work at the challenging task 
of designing and developing atomic weapons. Grad- 
vate engineers and scientists, with or without ap- 
plicable experience, will find excellent opportunities 
in the fields of component development, systems en- 
gineering, applied research, testing, and production. 


COMPENSATION is competitive with that offered in 
other industry. Ingenuity and initiative are valued 
highly, and opportunities for professional advance- 
ment are outstanding. Working conditions are 
excellent, and employee benefits are most liberal. 


SANDIA LABORATORY is iocated in Albuquerque — 
a modern, cosmopolitan city of 150,000, rich in 
cultural and recreational attractions and famous for 
its excellent year-around climate. Adequate housing 
is easily obtained. For descriptive literature giving 
_more detailed information on Sandia Laboratory and 
its activities—or to make application for employment 
— please write: 


professional employment 
division 1D 


Albuquerque, N.M. 
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Electrical Engineering 
cc Problems in the Rubber 


and PlasticsIndustries 


Papers presented at the Third Annual 
Conference of the AIEE Subcommittee 
on Rubber and Plastics Industries on May 
5, 1950, in Akron, Ohio and at the Fourth 
Annual Conference held on April 28, 
1952 in Akron. 


The program for the Third Conference 
consisted of a one-day meeting, with nine 
papers and eight prepared discussions. 
The program for the Fourth Conference 
also consisted of a one-day meeting, with 
eight papers and two prepared com- 
ments. At both conferences there was 
extemporaneous discussion which is in- 
cluded in the publication. 


Publication S-51: price, $3.50 to members 
and nonmembers. Send orders to: 


Order Department 


American Institute of Electrical Engineers 


33 West 39th Street 


New York 18, N. Y.: 


Change of Mailing Address 


Prompt notification of a change of address accomplishes 
three things simultaneously: change of address in the AIEE 
national records; change of mailing address for ELECTRICAL 
ENGINEERING; and notice to the local section to change 
the section mailing list. Therefore, if you have an address 
change, fill out the form below and mail it promptly to: 
AIEE Headquarters, 33 West 39th Street, New York 18, N. Y. 


Mailing Address 


Membership No 
address) 


To assure a correct entry in the YEAR BOOK of the AIEE, 
please also furnish: 


Company Name 
Company Address 


Department 


Title (, if one has 


een assigned 


Home Address 
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RCA NEEDS 
ENGINEERS 


——~ | who won't be held back! 


RCA, world leader in electronics, has career opportunities for 
qualified ELECTRICAL and MECHANICAL ENGINEERS... 
Puysicists . . . METALLURGISTS . . . PHYSICAL CHEMISTS 
... CERAMISTS...and Gtass TECHNOLOGISTS for long 


i 


TT mere ee 


PARAS 


— 


range work in military or commercial fields. 


SYSTEMS — ANALYSIS— DEVELOPMENT 


—DESIGN—APPLICATION ENGINEERING 
in the following fields: 


AVIATION ELECTRONICS (FIRE CONTROL, 
PRECISION NAVIGATION, COMMUNICA- 
TIONS) — Radar—Analog Computers 
— Digital Computers—Servo-Mechanisms 
—Shock & Vibration—Circuitry—Heat 
Transfer—Remote Controls—Sub-Mini- 
aturization— Automatic Flight—Transis- 
torization—Automation 


RADAR — Circuitry — Antenna Design— 
Servo Systems—Information Display Sys- 
tems—Gear Trains—Stable Elements— 
Intricate Mechanisms 


COMPUTERS— Digital and Analog—Systems 
Planning—Storage Technique—Circuitry 
—Servo - Mechanisms—Assembly Design 
—High Speed Intricate Mechanisms 


COMMUNICATIONS — Microwave— Aviation 
—Mobile—Specialized Military Systems 


MISSILE GUIDANCE—Systems Planning and 
Design— Radar and Fire Control—Servo- 
Mechanisms—Vibration and Shock Prob- 
lems—Telemetering 


COMPONENT PARTS (COLOR & MONO- 
CHROME TV)—HV Transformers— Coils— 
Deflection Yokes 


SEMI-CONDUCTORS—Transistors— Diodes 


ELECTRON TUBE DEVELOPMENT — Receiv- 
ing —Transmitting—Cathode-Ray — 
Phototubes and Magnetrons—Power 
Tubes—Camera Tubes 


ELECTRONIC EQUIPMENT FIELD ENGINEERS 
—Specialists for domestic and overseas 
assignment on military electronic Com- 
munications, Navigational Aids, and 
Guided Missiles. 


At RCA you’ll work in an atmosphere con- 
ducive to creative work—laboratory facili- 
ties unsurpassed in the electronics industry 
. . . constant association with leading scien- 
tists and engineers. 


Positions now open in Systems, Analysis, 
Development, Design and Application En- 
gineering. Your choice of long range work 
in commercial or military fields. 


Delightful suburban living easily available. 


Join the team at RCA and grow with the 
world leader in electronics. 


Personal interviews arranged in your city. 


Please send complete resume of your edu- 
cation, experience, and: specialized field 
preference to: 


MR. JOHN R. WELD 


Modern retirement program .. . liberal tui- Employment Manager 
tion refund plan for advanced study at 
recognized universities . .. modern company Dept. 305L 


paid benefits for you and your family. 


Individual accomplishments readily recog- 
nized. Ample opportunities for increased 
income and professional advancement. 


Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N.Y. 


RADIO CORPORATION of AMERICA 


Tmks. ® 
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paginse te 


ocieties 


New York 
8 West 40th St. 


Chicago 
84 East Randolph St. 


In applying for positions advertised by the Service, the 
applicant agrees, if actually placed in a position through 
the Service as a result of these advertisements, to pay 
placement fee in accordance with the rates as listed by the 

ice. These rates have been established in order to 
maintain an efficient, non-profit personnel service and are 
available upon request. This also applies to registrants 
whose notices are placed in these columns. 


Men Available 


ELEC ENGR, B.S.E.E.; 29, married; 2 yrs test and 

devpmt engr, electro-mech field ; 3 yrs cee field, Desires 

Be or devpmt pos; location, East, Midwest, or West. 
-791, 


ELEC ENGR, British; Assoc Mem A.I.E.E.; age 34; 
pwr lighting supervisor. Excellent admin and practical 
exper in Latin America, India and Europe. Desires 
responsible pos abroad. E-792. 


ELEC ENGR, 14 yrs util exper; distr and thermal gen- 
erating station des, opern, constr and maint; 2 yrs with 
consultants, Desires pos with util or consultants; 
thermal station des and constr. E-793. 


ELEC ENGR, Master’s degree Bus Admin, Bachelor’s 
Engrg; age 30; 4 yrs util, 6 yrs sales and mfg, test 
course. Author tech papers. Accustomed to responsi- 
bility. Presently located in Canada; wishes move to 
U.S. E-794. 


CONSTR ENGR, elec and mech; 30, married; 
B.S.E.E. and M.E.; pwr and management; veteran; 
10 yrs diversified exper in supervn and inspec constr 
and maint, circuit analysis, motor control, pwr distr, 
system planning, plant layout, pwr plant and machy in- 
stallation, eqpt testing. Exper in handling personnel. 
Two overseas contracts completed. Fluent Spanish 
with knowl Italian, Portuguese and French; active pass- 
port. Will consider pos anywhere in world provided 
wife can accompany applicant. E-795. 


ELEC ENGR, 25 yrs exper USA, So America, Far 

East. Engrg, sales, plant opern (food industry). De- 

sire pos sales or export-import, hdqts USA. Swiss 

poeteliced US citizen, fluent Spaalshe tr vench, German. 
-796. 


Positions Available 


SENIOR RESEARCH AND DEVELOPMENT EN- 
GINEER, electrical graduate, with experience in analysis 
and development of servo-systems covering aircraft hy- 
draulic accessories. Salary, $8000-$10,000 a year. 
Location, New York State. W-426. 


ASSISTANT PROFESSOR of Physics, Master’s degree in 
physics or electrical engineering degree, with experience 
in one or more branches of physics, such as circuit theory, 
electronics, microwaves. Teaching experience highly 
desirable. Will teach undergraduate physics courses 
such as general physics, applied electricity, electronics 
and laboratory physics. Salary, $3800-$4300 for nine 
months; summer pay rate is 1/4 of nine month total. 
Opportunity for research. When making application 
include two letters of recommendation from professional 
associates. Location, South. W-439. 


DESIGNER, graduate electrical engineer, with experi- 
ence in the design of sub-fractional hp motors. Salary 
open. Location, New Hampshire. -463(a). 


INSTRUCTOR, ASSISTANT OR ASSOCIATE 
PROFESSOR for Electrical Engineering Department. 
Must have at least a Master’s degree in electrical en- 
gineering. One applicant with Doctor’s degree who has 
specialized in communications and electronics work. 
Industrial and teaching experience necessary for appoint- 
ment to rank of assistant or associate professor, Salaries, 
$3900-$5500 for nine months depending upon qualifica- 
tions. Location, New York State. W-467. 


ADMINISTRATIVE ENGINEER, 35-45, electrical 
graduate, with general experience in telephone field, 
covering outside plant engineering, transmission, costs 
and planning to develop fundamental plans, make eco- 
nomic studies and estimates and perform staff duties 
covering central office engineering. Some traveling. 
Salary, $8000-$10,000 a year. Location, New York, 
N. Y. W-486, 


ELECTRICAL DESIGN ENGINEER with at least ten 
years’ experience in electrical engineering design in the 
following fields: technical testing equipment, machine 
control circuits such as for newspaper printing presses 
or elevator contro] for large buildings. Product or 
equipment design including electro-mechanical. Some 
experience in electronic control circuits desirable. 
Salary open. Location, northern New Jersey. W-516. 


PROJECT ENGINEER, electrical graduate, with three 
to ten years’ electronic experience on oscillographs and 
electronic equipment. May be used for some sales work. 
Salary, $4800-$6600 a year. Location, Denver. W-537. 
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Personnel Service, Inc. 


San Francisco 
57 Post St. 


Detroit 
100 Farnsworth Ave. 


Apply by letter addressed to the key number and 
mail to New York Office. When making application 
for a position include six cents in stamps for forwarding 
application to the employer and for returning when 
necessary. A weekly bulletin of engineering positions 
open is available to members of the co-operating societies 
at a subscription rate of $3.50 per quarter or $12 per 
annum, payable in advance. 


. 


SENIOR ELECTRONIC ENGINEER, physics or elec- 
trical degree, at least a Master’s, with ten years’ develop- 
ment experience in ‘electronic circuitry and servo+ 
mechanism fields. Salary, $9000-$10,000 a _ year. 
Location, New England. W-557(a).- 


¢ 


ENGINEERS. (a) Production Engineer, electrical de- 
gree, with two to four years’ experience. Work will in- 
clude design, for production, electriéal and electronic 
subassemblies for industrial and laboratory instruments. 
Salary, $6000 a year. (b) Sales Engineer, chemical en- 
gineer or physicist or electrical engineer with a chemis- 
try major, with two to three years’ experience in tech- 
nical instrument sales or design and testing. Work will 
include selling standard and modified standard infra red 
instruments. Salary, $5000-$6000 a year. Location, 
New England. W-558. 


DESIGN ENGINEER, electrical graduate, with at least 
five years’ design and layout experience covering 1-500 
hp A.C. motors. Salary, $6000-$10,000 a year. Loca- 
tion, New Jersey. W-561(a). 


ENGINEERING AND SALES ASSISTANT, elec- 
trical or mechanical graduate, with sales and field survey 
experience on electric power equipment to make surveys, 
prepare specifications and contracts covering installation 
of converters, motors, generators and control equipment 
in process industries. Some traveling. Salary, $6000— 
$8000 a year. Headquarters, New Jersey. W-569. 


INSTRUCTOR, B.S. in physics preferred, with interest 
in extra study. Should have some prior instruction ex- 
perience and qualifications to teach courses in mathe- 
matics up to advanced calculus and differential equations 
and physics up to atomic and nuclear. For industrial 
navaltraining program. Salary, to $8400 ayear. Loca- 
tion, western Pennsylvania. W-582. 


ENGINEERS.  (b) Electronic Engineer, electrical grad- 
uate, under 45, minimum of five years’ applicable ex- 
perience. F.C.C. license desirable. Will perform and 
supervise tests, design and be responsible for the produc- 
tion of test units, components or devices; supervise lab- 
oratory personnel responsible for submission of com- 
pleted and final data for tests or other projects. Salary, 
$8000-$11,000 a year. (d) Junior Electronics En- 
gineer, under 40, electrical degree or B.S, in communica- 
tions or equivalent, with one or more years’ experience 
in electronics. F.C.C. radio telephone license 2nd class 
desirable for wiring, assembly of components, testing of 
electronic components and devices and construction of 
jigs and fixtures.. Salary, $4000-$5200 a year. Loca- 
tion, New Jersey. W-589. 


ELECTRICAL ENGINEERS, B.S.E.E.; will consider 
recent graduates or men with considerable experience, 
for research, development and design of electronic sys- 
tems, including radar, missile guidance, automobile 
radio, mobile and airborne communications, servo- 
mechanisms, transistors, printed circuits, subminiaturiza- 
tion and test equipments. Salary open. Location, 
Maryland. W-591(a). 


SALES MANAGER, electrical engineering graduate, 
with considerable experience in the administration of a 
sales department and a background in electrical control 
field. Salary, $10,000-$12,000 a year plus incentive. 
Location, Massachusetts. W-599. 


SALES MANAGER for company manufacturing elec- 
trical power fittings. Will administer and direct na- 
tional sales promotional program; initiate new and re- 
vised product development clearly stating to engineering 
department all sales and customer requirements, antic- 
ipated volume and life of market; supervise all sales 
negotiation matters within product line, including the 
prompt and efficient handling of customer complaints; 
responsible for the availability of saleable products within 
product division to meet customer requirements and 
assure coordinated attention to the design, development 
and manufacture in an orderly, prompt, efficient and 
profitable manner. Location, South. W-605. 


PROJECT ENGINEER, degree in electrical engineer- 
ing or physics, to develop and design production instru- 
ments for the precise measurement of pressure. Should 
have at least eight years’ experience with a substantial 
part of this experience in the development of capsules, 
bourdon or bellows for pressure measurement. Experi- 
ence in gear trains or other mechanisms desirable. 
ene open. Location, New York Metropolitan Area. 
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DIRECTOR OF ENGINEERING, 40-50, to take com- 
plete charge of a large engineering department in the 
electronic device and aviation instrument field. Salary, 
$20,000-$25,000 a year. Location, East. W-638. 


PHYSICISTS, 30-45, preferably with Ph.D., and with 
three to five years’ experience in nuclear physics. 
Salary open. Location, New York State. W-650. 


APPRAISAL AND VALUATION ENGINEER, under 
50, engineering graduate, with experience covering ap- 
praisal, valuation and depreciation studies for utilities — 
and heavy industrial plants. Some traveling. Salary, 
$8500-$9000 a year. Location, New York, N. Y.. W-654. 


SALES ENGINEERS. (a) Sales Engineer with field 
experience covering industrial electrical motors, gear 
motors and accessories. Salary, $3900 a year, plus 
bonus and expenses. Location, New Jersey and eastern 
Pennsylvania. (b) Sales Assistant--with experience 
covering motor specifications, quotations, orders and 
general office correspondence. Salary, $4500-$5700 a 
year. Location, New York, N. Y.; later northern New 
Jersey. W-673. 


CHIEF ENGINEER, 40-50, electrical or mechanical 
graduate, with at least ten years’ design and development 
experience covering electro-mechanical devices, syn- 
chros, slip ring assemblies, etc. Salary, $15,000-$20,00 
a year. Location, New England. W-674. : 


ELECTRONICS ENGINEER, B.S., 25-40; two to five 
years’ experience in design or research in electronic or 
electrical controls. Knowledge of amplifiers, servos and 
computers. Research and product development on in- 
dustrial control equipment. Design of special purpose 
analog and digital computers and equipment for auto- 
matic material handling. Research and development of 
industrial controls. Salary, $6000-$9000 a year. Em- 
ployer will negotiate fee. Location, Ohio. C-2289. 


ELECTRICAL ENGINEER, B.S, in E.E., to 40, with 
four to five years’ experience. Good circuitry knowledge 
of instrumentation, relays, servo mechanisms, telemeter- 
ing and automatic electrical controls. Will work from 
customers’ orders, correspondence or written specifica- 
tions. Should be capable of writing instructions for 
proper operation and maintenance. Occasionally super- 
vise installations of equipment in field. Will supervise 
five draftsmen. Salary, $6000-$8400 a year. Em- 
ployer will negotiate fee. Location, Ohio. C-2290(a). 


SALES ENGINEER for transformers; to 40, with at 
least three years’ experience selling large transformers or 
application work. Knowledge of electric furnaces and/or 
elecera plating. Will sell large transformers to users 
and manufacturers of electric furnaces and electro plat- 
ing equipment. Salary, $7500 and commission. Em- 
ployer will pay one half of fee. Travel 50% of time; 
car required. Location, Chicago, Illinois. C-2332. 


UTILITIES ENGINEER, B.S. in electrical or me- 
chanical engineering; 30-40, with three to five years’ 
experience with utility rates and rate analysis or other 
experience with a public utility providing knowledge of 
practices useful in experting rate contracts. Studies light, 
power, heat and water bills of large users, makes analyses, 
recommendations and reports. Will work under regis- 
teredengineer. Salary, $5200-$7020 ayear. Location, 
San Francisco, Cal. S-249. 


CLASSIFIED ADVERTISING 


For help and situations wanted, $1.50 per line. 
Sale and purchase of used machinery, etc., 
$2.00 per line, minimum 5 lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 36, N. Y. 


When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 


Positions Open 


WANTED: ELECTRICAL DESIGN ENGINEER 
with exceptional ability and successful experience in the 
design and testing of light duty electrically operated re- 
mote controlled oil filled and dry type outdoor switching 
devices from 120 voltsto15 KV. This is an exceptional 
opportunity for an engineer capable of producing simple 
and practical designs for low volume production. Ad- 
vancement is assured and salary attractive. The posi- 
tion is permanent with an established small manufac- 
turer in Indiana. Give experience, education, refer- 
ences, age, recent photo and salary expected. Box 114. 


LOAD DISPATCHER—Established growing utility 
in one of the most desirable locations in Brazil desires 
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temporary services (about one year) of experienced 
technician to initiate dispatching service and train local 
personnel in its operation and maintenance. System is 
combination thermal and hydro with transmission up to 
132 ky. Excellent opportunity for active retired experi- 
enced chief load dispatcher. Reply giving education, 
experience and personal particulars. Box 158. 


ELECTRICAL ENGINEER—JUNIOR OR AS- 
SISTANT DISTRIBUTION ENGINEER. Technical 
graduate with at least 3 years field experience operating 
ee company. Permanent position with long estab- 
lish consulting organization New York. Some 
travel Latin America necessa 
of Spanish or Portuguese useful. Salary commensurate 
with experience. eply stating age, education, ex- 
perience and personal particulars. Box 189. 


ELECTRONIC RESEARCH AND DEVELOPMENT 
positions are available to men with intelligence, imagi- 
nation, and the desire to produce significant work. Our 
firm is devoted entirely to research and development, 
numbers about 1000, and is owned by one of the nation’s 
leading universities. Our salary and benefit programs 
are competitive with industry. Almost every branch of 
electronics is covered in our program, and internal funds 
are available for research on promising individual ideas. 
Additional information on current openings will be sent 
upon request. Cornell Aeronautical Laboratory, Inc., 
Buffalo 21, New York. 


MANAGER FOR RURAL TELEPHONE SYSTEM, 
located in Northern Montana. State age, experience 
and expected salary in first letter. Write R. O. Mc- 
Phillips, Coordinator, Northern Telephone Association, 
Shelby, Montana. 


ASSISTANT OR ASSOCIATE PROFESSOR needed 
by September, 1955, at an expanding midwestern tech- 


in future. Knowledge 


nical college for instruction in electronics, communica-— 


tions and servomechanisms. MSEE Degree and teach- 
ing or research experience are minimum requirements. 
Salary open. Send resume to Fournier Institute of 
Technology, Lemont, Illinois. 


STEAM PLANT DESIGNER—HEither EE or ME quali- 
fied to assume lead in either electrical or mechanical sec- 
tions or both of design on addition to steam electric sta- 
tion by long established firm of independent engineers. 
Will require locating in Mississippi, Rebratka, Florida, 
Golereds or Washington states. Starting salary $6,000— 
$7,000 with excellent advance prospects depending upon 
demonstration of technical capabilities and personal 

ualities and characteristics. Reply in confidence giving 

etails of personal and professional background. Box 
226. : 


ELECTRICAL ENGINEER—South American subsid- 
lary of large U. S. industrial corporation is seeking a 
high calibre man with broad experience in power genera- 
tion, low voltage transmission, distribution, and indus- 
trial applications and control. Applicant should be 
familiar with operating and maintenance problems. 
Ability to speak Spanish desirable but -not essential. 
Submit resume of experience, personal data. 
availability and salary required. Box 227. 


ELECTRONIC DEVELOPMENT ENGINEER 
needed by Ohio manufacturer to assume responsibility 
for the design and development of electronic equipment 


associated with high speed printing systems for special ~ 


applications. Must have had at least 5 years design and 
development experience on equipment involving pulse 
techniques and synchronization problems. Starting 
salary $7500 per year. Allowance for moving expense. 
Replies held in confidence. Submit resume to Box 228. 


NOTE: Closing date for material to be 
set in the classified advertising column, as 


well as cancellations for running ads, must 


be received not later than the first of the 
month preceding issue; i.e., July first 


for August issue. 


WANTED: ELECTRICAL OR MECHANICAL 
ENGINEER for design and development of temperature 
controls. Attractive permanent position available in 
new research laboratory of leading producer of controls 
for home and industry; location near Pittsburgh. En- 

ineers with superior ability and successful experience 
aipconimnatlly ten years) in design of controls, switches, 
or other small and medium-size mechanisms are invited 
to send a brief resume. Applicants for this position 
must be qualified to assume responsibility for designing, 
testing and evaluating controls. Box 229. 


COIL AND INSULATION ENGINEER. Position in 
our large Motor Engineering Division offers an excellent 
opportunity for future advancement to a qualified appli- 
cant with experience in coil design and insulation systems 
for electrical motors and generators. Will handle prob- 
lem of new materials, their specifications, insulation proc- 
esses and shop procedures, Salary open. Location; 
Northeast Ohio. Box 231. 


Indicate ; 


ENGINEERS—College positions, February and Sep- 
tember vacancies. All sections U.S., all fields of engi- 
neering. Openings for B.S., M.S. and Ph.D.’s. Ex- 
cellent salaries. Send pictures and qualifications to 
Cline Teachers Agency, Box 607, East Lansing, Michi- 
gan. 


“« 
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Positions Wanted 


ELECTRICAL ENGINEER, BEE, PE, 40, seeks work 
with supervisory responsibility in design and application 
of apparatus.and. control circuits, Extensive experience 
in sameytype of work in liquid metal systems for heat 
transfer, -and in steel and rubber industries. Box 215. 


ELECTRICAL POWER ENGINEER, doctorate, wide 
scientific background, 16 years experience power applica- 
tion and distribution problems in steel, electrochemical 
and chemical factories, familiar corresponding instru- 
ments and machinery, high voltage networks calcula- 
tions and stability studies, testing electrical materials, 
expert engineer in foreign service, perfect German, 
Italian, French, age 46, married, desires position in 
Eastern or Midwestern States. Box 221. 


AVAILABLE FOR BRAZIL, ELECTRICAL EN- 
GINEER with 16 years’ experience in large American 


firm abroad, last 4 years in Rio de Janeiro. Good or- 
ganizer, speaks fluent Portuguese. Box 232. 
PROFESSIONAL ENGINEER—Design, Field and 


Administrative experience in Aircraft and Electronics 
industries. Desires responsible position with small or 
medium size company. Box 233. 


PROFESSIONAL ENGINEER, B.C.E., Associate 
Member AIEE, Junior Member ASCE, Member NSPE, 
with 6 years of responsible transmission line design ex- 
perience, presently employed, interested in responsible 
position with consulting firm. Box 234. 


ELECTRONIC ENGINEER—29, BEE, MBA; receive 
LLB June 1955, 3 years experience. Seeks stimulating 
position utilizing background, N Y Metropolitan area. 
Box 235. 


EDITOR OR EDITORIAL ASSISTANT. 11 years 
combined engineering and managing editorship experi- 
ence. Want position in East with up-to-date firm re- 
quiring experienced administration of editing, writing, 
in field of management reports, research reports, bro- 
chures, technical publicity promotion. Box 236. 


Trends in Computers: 
Automatic Control and Data Processing 


The Western Computer Conference 
and Exhibit, sponsored jointly by 
AIEE-IRE-ACM, was held in Los 
Angeles, February 11 and 12, 1954. 
The theme of the conference. was 
Automatic 
The 


20 papers presented cover a variety 


“Trends in Computers: 
Control and Data Processing.”’ 


of equipment and systems useful in 
scientific, engineering, and business 
fields. The full text of papers are 
included in these PROCEEDINGS. 
Copies of this 19l-page publication 
(S-59) may be obtained by writing 
to the AIEE Order Department. 
$3.00 


Price: 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
38 West 39th Street 
New-York 18, N. Y. 
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the 
SYSTEMS 
ENGINEER 
at RCA 


Systems engineers conduct 
studies to determine 
operational requirements .. . 
create and synthesize military 
equipment concepts . . . guide 
development of new integral 
elements . . . conduct 
evaluation programs to 
determine operational 
effectiveness. 


You may qualify! Professional ability to create and analyze 
over-all complexsystems and experience in electronic 
or electro-mechanical systems engineering required. 


There are several opportunities now in: 


I 
| AVIATION ELECTRONICS 
| INFORMATION HANDLING 


COMPUTERS e RADAR 
COMMUNICATIONS 
| MISSILE GUIDANCE 


Send a complete resume of your education and experience to: 


Mr. John R. Weld, Employment Manager 
Dept. B-480L, Radio Corporation of America 
Camden 2, New Jersey 


RADIO CORPORATION OF AMERICA 


Tmks. ® 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 
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ELECTRICAL ENGINEERS 


PHYSICS GRADUATES 


with experience in 


RADAR »« ELECTRONICS 


or those desiring to enter these areas... 


The time was never more opportune than now 
for becoming associated with the field of advanced electronics. 
Because of military emphasis this is the most 
rapidly growing and promising sphere of endeavor for the young 
electrical engineer or physicist. 


Since 1948 Hughes Research and Devel- 
opment Laboratories have been engaged 
in an expanding program for design, de- 
velopment and manufacture of highly 
complex radar fire control systems for 
fighter and interceptor aircraft. This re- 
quires Hughes technical advisors in the 
field to serve companies and military 
agencies employing the equipment. 

As one of these field engineers you will 
become familiar with the entire systems in- 


Hughes Field Engineer H. Heaton 
Barker (right) discusses operation of 
fire control system with Royal Canadian 
Air Force technicians. Avro Canada 
CF-100 shown at right. 


Relocation of applicant must not cause 
disruption of an urgent military project. 


S2A 


volved, including the most advanced 
electronic computers. With this advan- 
tage you will be ideally situated to 
broaden your experience and learning 
more quickly for future application to 
advanced electronics activity in either the 
military or the commercial field. 
Positions are available in the continen- 
tal United States for married and single 
men under 35 years of age. Overseas 
assignments are open to single men only. 


Scientific 
and 


Engineering 
Staff 


HUGHES 


RESEARCH 
AND 
DEVELOPMENT 
LABORATORIES 


Culver City, 
Los Angeles 


County, 
California 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Power Supply for 
Resistance 


Welding Machines 
(April 1952). 


AIEE Special Publication S-45 
is a report of the AIEE Sub- 
committee on Power Supply 
for Resistance Welding Ma- 
chines. Recognizing that the 
installation and use of any 
resistance welding process 
vitally concerns not only the 
industrialist requiring the 
process but also the welding 
machine manufacturer and 
the utility supplying the elec- 
tric power as well, the com- 
mittee has in this report 
brought together much per- 
tinent data from the knowl- 
edge, literature, and experi- 
ence in all these fields. 


This publication supersedes 
the AIEE reports of the same 
title presented in 1940-1. 
The new work is required by 
developments in welding ma- 
chines, new processes, better 
analysis of certain phenom- 
ena (such as measurement of 
instantaneous loads, and in- 
terference between welders), 
and a clearer understanding 
of the whole problem of 
power supply for resistance 
welders. 


This report is not intended 
to be a complete solution of 
all welding problems, but 
should direct attention to the 
special electrical features in- 
volved so that a full analysis 
developed for a welding proj- 
ect can be readily understood 
and utilized by manager, 
master mechanic, and elec- 
trical engineer. 


+ 


Copies are available for the 
price of $1.00 (no discounts 
permitted). Address: 


Order Department 
AMERICAN INSTITUTE OF 


ELECTRICAL ENGINEERS 
33 West 39th Street 


New York 18, N. Y. 
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ELECTRONIC 
ENGINEERS 


WITH A DESIRE 


TO CREATE! 


The chief tequirement of advanced development work such as that now being 
conducted at the Westinghouse Electronics Division is a staff of experienced engineers 
‘ with a keen desire to create! 

Top-level positions fn our expanding Electronics Division provide a challenge and 

© oe opportunity for creative engineers. 

Begin now to satisfy your desires . . . at Westinghouse. Current openings offer 
excellent income and employe benefits, as well-as ideal working conditions. You 

will have no difficulty finding comfortable suburban living accommodations. 


CURRENT OPENINGS INCLUDE: 


ELECTRONIC CIRCUIT ENGINEERS (MILITARY) 
Applied research, development and design of electronic 
apparatus for communications, radar and missile guidance 
systems. 


VHF COMMUNICATIONS ENGINEERS 
Applied research, development and design of military 
VHF communications apparatus at all power levels for both 
transmitters and receivers. 


ANTENNA AND WAVEGUIDE ENGINEERS 

Applied research, development and design of antennas and 
waveguide systems for military communications and radar 
equipment. 


RADAR INDICATOR SYSTEMS ENGINEERS 
planning, studying, proposing, and applied research, 
development, design to include search, fire-control and 
missile guidance systems. 


Send a letter outlining your education and experience to: 
R. M. Swisher, Jr., Employment Supervisor, Dept. 36 
Westinghouse Electric Corp. 

2519 Wilkens Avenue, Baltimore 3, Maryland 

tllustrated brochure will be promptly forwarded 

to all qualified applicants 


For Confidential 
Interviews . « - 


you can 6€ SURE...1F 115 Westinghouse 
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ORIGINAL RESEARCH 


FOR 


| 


WITH 


SYLVANIA 


It is not surprising that many contributions and advances 
in the field of electronics have been made by Sylvania 
engineers. Our company has always placed heavy empha- 
sis on original research, development and product design, 
offering engineers wide latitude for exploration and 
creative expression. 

As a result, growth opportunities for engineers are vir- 


tually unlimited, as Sylvania aggressively advances in its 
growth tradition. 


To aid our engineers in their progress, Sylvania also pro- 
vides financial support for advanced education, as well as 
liberal insurance, pension and medical programs. 


The following PERMANENT POSITIONS are now open at: 


BOSTON & BUFFALO ENGINEERING LABORATORIES 


Section Heads, Engineers-in-Charge, Senior Engineers, Engineering Specialists and 
Junior Engineers for Research, Design, Development and Product Design on com- 
plex subminiaturized airborne electronic equipment and computers, experienced in: 


Pulse Techniques 
Electro-Mechanisms 
Microwave Techniques 
Microwave Applications 
Circuit Design 
Equipment Specifications 
F. M. Techniques 
Miniaturization 

Servo Mechanisms 
Transistors 

Heat Transfer 

Shock & Vibration 
Technical Writing 


Analytical Problems 

Antenna Design 

Applied Physics 

Systems Development 
& Testing 

Component Selection 

Component Analysis 
& Testing 

Component Specifications 

Digital Computer Circuits 
& Systems 

Mechanical. Design 


Please forward complete resume to: 


COL. CHARLES KEPPLE 


SYLVANIA ® 


ELECTRIC PRODUCTS INC. 


175 Great Arrow Avenue, Buffalo, New York 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


American Standard 
Graphical Symbols 
for Electrical Diagrams 


This new American Standard 
(Y 32.2—March 1954) repre- 
sents the progress made to 
date in evolving graphical 
symbols to be used by all who 
have occasion to prepare and 
use electrical diagrams. It 
is a co-ordination of the 
points of view of many groups 
and sponsored by the Ameri- 
can Institute of Electrical 
Engineers, and the American 
Society of Mechanical 
Engineers. 


Graphical symbols for elec- 
trical engineering are a short- 
hand used to show graphi- 
cally the interconnections 
and functioning of a circuit. 
These symbols represent the 
function of a part in the cir- 
cuit. Symbols are used on 
either single-line (one-line) 
diagrams or on complete 
diagrams. Designations pro- 
vide a means of correlating 
symbols with parts lists and 
descriptions of, and instruc- 
tions concerning, the circuit 
represented. 


The symbols are arranged in 
alphabetical order of the elec- 
tric component or equip- 
ment which they illustrate. 
Preferred terms are given 
first, and any current alter- 
nate terms follow. 


This standard supersedes the 
following Standards: 

Y 32.1.1—1951, Z 32.3—1946, 
Z 32.5—1944, Z 32.10—1948, 
and Z 32.12—1947. 


Price: $1.25 (no discounts 
apply to this publication) 
Copies may be obtained from: 


Order Department 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 
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WORLD'S LEADING PRODUCER 
OF ELECTRONIC ACCOUNTING 
AND COMPUTING MACHINES 


has positions open in 

Development and Manufacturing 
for 

Electronic and Electro-mechanical 


ENGINEERS 


FOR WORK IN THE DIGITAL COMPUTER FIELD 


Who's Hannibal C. Ford? 


¢ He revolutionized naval warfare 
nearly 40 years ago through developing 
the first “mechanical brain” gunfire-control 
computer. 

He designed the first automatic tracking 
bombsight and the first automatic comput- 
ing sight for airplane machine guns. 

He designed and built the first success- 


FUNCTIONAL TESTING AND ANALYSIS 
PROGRAM DEVELOPMENT 
SYSTEMS PLANNING | 


ful anti-aircraft computer and control (with 
some 55,000 moving parts in it). 

Consequently Hannibal C. Ford has 
been one of the U. S. Navy’s best-kept se- 
crets since World War I, and is not known 
by the public at large. Although he has been 
retired from the presidency of the company 
he founded — The Ford Instrument Com- 
pany — for ten years, the full story of Mr. 
Ford is just being made public. 

¢ Although most of Hannibal Ford’s 
early work was for the Navy, his company 
is now working for all branches of the armed 
forces, building intricate and unbelievably 
accurate devices for guided missiles, super- 
sonic planes, and army ordnance. Masters of 
the new sciences of automatic controls and 
computing mechanisms, the hundreds of en- 
gineers and thousands of technicians at Ford 
Instrument Company are creating millions 
of dollars of electronic, hydraulic, electrical, 
mechanical and magnetic instruments each 
year. And their skills are being utilized by 
the Atomic Energy Commission and private 
industry as well. 

¢ To commemorate the name of its 
founder, the company has established the 
Hannibal C. Ford Fellowship for advanced 
study in engineering at Cornell where Mr. 
Ford was graduated 50 years ago. 


® Each year Ford Instrument Com- 
pany is offering positions to young 
engineers whose abilities qualify them 
to work on the exciting and important 
projects the company has contracted 
to develop. If you want to know more 
about Ford Instrument Company 
write for illustrated brochure. 


FORD INSTRUMENT 
COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Ave., Long Island City 1, N. Y. 


DECEMBER 1954 


BS, MS, or PhD degree and experi- 
ence in the fields of computers or 
weapons systems are required. 


What an Engineer 
—and his family— 
should know about IBM 


* You’ll be working with 
the great teams of engineers 
that created and developed 
the world’s most advanced 
digital computers—IBM’s 
701 and 702 data process- 
ing machines. 


* Your future will be as 
big as you make it, with 
your advancement depend- 
ing on your own merits. 


* You’ll be joining a com- 
pany with a 40-year record 
of growth and stable em- 
ployment and with one of 
the very lowest employee 
turnover records in the en- 
tire country. 


ELECTRONIC & ELECTRICAL CIRCUIT DESIGN 

TEST EQUIPMENT DESIGN 

PRODUCTION TESTING 
BS degree or equivalent experience is 
required. Experience in the following 
fields is desirable. Radar — Servo- 
mechanisms—TV—Analog Comput- 
ers — Audio Systems — Instrumenta- 
tion—Data Handling Systems. 


Replies will be held instrict confidence. 
Write giving full details of education 
and experience to: 


Mr. W. M. Hoyt, Dept. 686 (A) 


INTERNATIONAL BUSINESS MACHINES 
590 Madison Ave., New York 22, N. Y. 


* Your salary will be excel- 
lent, and IBM’sexceptional 
employee benefits will be a 
life-long advantage for you 
and your family. 


* You can continue your 
engineering education 
through IBM’s education 
program. 


* Family recreational facil- 
ities including golf courses, 
swimming pools and super- 
vised children’s activities 
are of the finest at IBM’s 
Country Clubs. 


Your moving expenses will 
be paid to Poughkeepsie or 
Endicott, N. Y., where 
IBM’s plants and labora- 
tories are located and living 
conditions are excellent. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 
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“Goad” 


SENIOR 
ELECTRICAL ENGINEER 


Five to ten years experience in the elec- 
trical engineering field required. Experi- 
ence to have been gained in the area of 
controls, servo-mechanisms, magnetic 
amplifiers or electronics. A degree in 
electrical engineering necessary. 


The activity will consist in leading a group 
of junior and intermediate engineers in the 
design and development of controls involv- 
ing magnetic amplifiers, transistors and 
other electro-mechanical devices; design, 
testing and fabricating into systems for 
turbo-jet, ram-jet engine controls and other 
developmental propulsion systems. To 
propose and develop new control systems. 


COMPUTER ENGINEER 


Requiring an engineering degree plus a 
minimum of three years of computer ac- 
tivity. 

Must be capable of handling programming 
in the simulation and study of jet and 
reciprocating engine fuel systems, and 
aircraft shock strut and brake systems. 
Problems involved would be linear and 
non-linear in nature and applied to prod- 
uct design as well as research into basic 
phenomena. No maintenance ability nec- 
essary. 


The salary of both positions will be com- 
mensurate with ability and experience. 


Send resume to 


Technical Employment Department 


BENDIX PRODUCTS DIVISION OF 
BENDIX AVIATION CORPORATION 


401 Bendix Drive 
South Bend 20, Indiana 


Teaching Opportunity 
Electronics and Physics 


Three positions in electronics engineering as 
well as advanced physics are open at a rapidly 
expanding Eastern technological university. 
Excellent opportunities for the right men. 
Write, giving experience and qualifications, to 


Box 230, Electrical Engineering, 
500 Fifth Avenue, New York 36, New York 


RESEARCH DESIGN 
DEVELOPMENT 


Electrical Engineer to work on power system 
of large-scale digital computer, especially relay 
control circuits in the distribution of highly- 
regulated voltages, applying knowledge of re- 
lay characteristics and circuitry, transients 
and computer logic. Will also have oppor- 
tunity to work on regulated d-c and a-c power 
supplies, and small generating station dis- 
tribution equipment. 


Apply to: Personnel Department 
Lincoln Laboratory 
Lexington 73, Massachusetts 


The Engineering 


Societies Library 


Over 170,000 volumes covering all branches of 
engineering in addition to some 1,400 periodi- 
cals from all parts of the world are available 
in the Engineering Societies Library. Bound 
books may be borrowed by mail by any mem- 
ber of a Founder Society in the continental 
United States or Canada at prices established 
in the information pamphlet which is avail- 


able from the library. Also included in the 
library’s services are searches, translations, 
and photoprints and microfilm at a nominal 


THE ENGINEERING SOCIETIES LIBRARY 
33 West 39th Street, New York 18, N. Y. 
Mr. Ralph H. Phelps, Director 


Please send me information pamphlet, on services 
available, and their costs. 
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Professional Engineering Directory 


Professional Engineering Directory Card 1”x2” 12 times $100.00 


BLACK & VEATCH 
Consulting Engineers 


Electricity—W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


ROGER BARRETT BROSS 
Consulting Engineer 


SPECIAL ELECTRIC MOTORS 
ELECTROMAGNETIC COMPONENTS 


Design - Development - Manufacture 
Testing - Investigation 
25 Curtis Road OL 3-9235 
BOX 157, NATICK, Mass. 


BROWNTHORN ELECTRONICS INC. 


Electronic Consultation, Research, 
Development 
THYRATRON CONTROL SPECIALISTS 
Simplified Supersensitive Phase 
Shift System 
P.O. Box 1089 Stamford, Conn. 
Telephone Stamford 4-4876 


DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 


Industrial Plants—Grade Separations 
Railroads—Subways—Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, Il. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


Electrical Testing 
Laboratories, Inc. 
Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, research and associated services, 
including certification, inspections at factories 
and field investigations. 


2 East End Avenue at 79th St., New York 21 


FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 


Tel: Washington, D. C., Oliver 4-5897 


Research Studies, Evaluations, Specifications, 
Development, Engineering, Prototype Manu- 
facture, Technical Writing, Drafting, Art Work 
Offset Printing—In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF-UHF Tuners and Circuits, Missiles, 
Electromechanical Systems and Components. 


HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design, Development and Manufacture 
of Transformers, Chokes Etc. 


for the ; 
Electronic, Industrial and Allied Fields 


90 Magnolia St., Westbury, L.I., N.Y. 
WE-7-2933 
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INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 
Domestic and Foreign: 


74 New Montgomery St., 
San Francisco 5, Calif. 


JACKSON & MORELAND 


Engineers and Consultants 


Design and Supervision of Construction 


Reports—Examinations—Appraisals 


Machine Design—Technical Publications 
BOSTON NEW YORK 


The KULJIAN Corporation 


ENGINEERS e CONSTRUCTORS 
CONSULTANTS 


POWER PLANT SPECIALISTS 
Utility e Industrial e Chemical 
1200 N. Broad St., Philadelphia 21, Pa. 


Peter F. Loftus Corporation 


Engineering and Architectural 
Consultants and Designers 


First National Bank Bldg. 
Pittsburgh 22, Pennsylvania 


Cable Address—“LOFTUS—Pittsburgh”’ 


N. A. LOUGEE & COMPANY 
Engineers and Consultants 


REPORTS—APPRAISALS—DEPRECIATION 
STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
John M. van Beuren 


Specialists in the Design and 
Development of Electronic Test Instruments 


Boonton, N. J. 


MINER and MINER 
Consulting Engineers 
Incorporated 


Greeley Colorado 


Ing. José Miguel Diaz Noriega 
M.Sc.E.E. 
CONSULTING ELECTRONICS ENGINEER 


Engineering, research and development 
of electronic and electro-mechanical 
systems. Manufacturing Engineering. 


Av. A. de Musset, 10 
Colonia Chapultepec Polanco phone 
México 5, D.F. 20-12-73 


Consult 
Z. H. POLACHEK 


Registered Patent Attorney 


1234 BROADWAY 
(At 31st St.) 


New York 1, N. Y. 
PHONE 
LO. 5-3088 


FRANCIS W. RINGER 
Consulting Corrosion Engineer 


Cathodic protection and stray current control 

on buried and submerged metallic structures. 

Testing, design, and specifications for corro- 
sion mitigation. 


7 Hampden Ave. Narbeth (Suburban Phila.) 
Phone MOhawk 4-2863 Pennsylvania 


SANDERSON & PORTER 


ENGINEERS 
AND 
CONSTRUCTORS 


NEW YORK e CHICAGO e SAN FRANCISCO 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 


MECHANICAL-MANAGEMENT-ELECTRONIC 
PROCESS - DESIGN - QUALITY CONTROL 
INVESTIGATIONS - APPRAISALS - REPORTS 


JOHN I. THOMPSON & CO. 
ENGINEERS 


921-17th St., N.W., Washington 6, D.C. 
LABORATORY DIVISION: BELLEFONTE, PA. 


THE J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORK 
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CUSTOM 
BUILT 
TRANSFORMERS 


Here is an example of the type of equipment we can 
build to specifications for research, laboratory or 
experimental work. This Acme Electric custom built 
transformer has a primary that can be varied from 
12 volts thru 115 volts, with a frequency range 
from 7 cycles thru 60 cycles. Nominal output volt- 
age, 33,000 volts. 


This unit was built for use in connection with high 
voltage electrostatic separation and collection of 
various types of atmospheric particles. 


Designing a Dry Type transformer in this voltage 
class that provides safe and efficient performance, 
is another notable example of Acme Electric trans- 
former engineering. 


ONE OR A MILLION — 
ACME ELECTRIC CAN MAKE THEM 
And, if you need high quality constructed trans- 
formers in production quantities, we can supply 
them. Television, electronic, oil burner ignition, 
luminous tube, stepdown, control transformers, volt- 
age adjustors, cold cathode ballasts. 


v 


ACME ELECTRIC CORPORATION 
2212 WATER ST. CUBA, N.Y. 


West Coast Engineering Laboratories: 
1375 W. Jefferson Boulevard, Los Angeles, California 


In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 
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Continuous laboratory testing 
and special treatment of water 
make possible Victor 

Purified Porcelain 


Another Reason Why- 


ONLY VICTOR MAKES 


Many milestones in insulator progress have been due to Victor research. 
But none is as important as its development of Purified Porcelain. By 
specially treating the water used in the manufacture of Victor Insu- 
lators and employing many other ceramic advances, VicTor gives you 
the finest insulator porcelain ever made—porcelain which, for the first 
time in the industry, is pure porcelain all the way through! 

Purified Porcelain has vastly greater uniformity in mechanical and 
electrical strength values, higher mechanical impact and puncture 
voltage values, greater density, hardness and permanence than any 
other insulator porcelain. That’s why more and more power men are 


Victor manufactures many special 
shapes in addition to a complete rae ; 
line of standard specifying Victor Purified Porcelain Insulators. 
porcelain for transmission 

and distribution. 


Specify 
fret oe 


VICTOR INSULATORS, INC., VICTOR, N. Y. 
SUBSIDIARY OF I-T-E CIRCUIT BREAKER CO. 


Low and High Voltage Pintypes * Suspensions ° Guy Strains * Spools * Switch and Bus Insulators 
Custom Designed Porcelain 


8439 Steller Drive 


Cole Electric Co. 


TExas 0-4701 


AIR BREAK DISCONNECTING SWITCH 
69,000 Volts—1200 Amperes 
Type 0-2 
Vertical Break, Three Pole, Single Throw 
Group Operated—One Pole Shown 
HIGH PRESSURE SILVER TO SILVER CONTACTS 
See Bulletin 46-A 


90A 


Culver City, Calif. 
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where there's Motion 
theres need for the STROBOTAC 


The Strobotac has countless industrial uses. It “STOPS” 
MOTION and MEASURES SPEED with an ease 
and rapidity not obtainable with other equipment. 


Repetitive stroboscopic light flashes will ‘‘stop”’ 
s-l-o-w motion of moving parts in all types of equipment 
and machinery, permitting detailed observation. All 
irregularities, worn parts, misalignments, or other defec- 
tive operations are readily revealed. As an electrical tachometer, 
the Strobotac will accurately measure speeds of rotating, recipro- 
cating, vibrating and other cyclic mechanisms over a 60 to 
100,000 rpm range. The instrument does its job with absolutely no 
connection between Strobotac and moving part. There is no 
interference with the moving object under investigation, nothing 
to alter operating conditions. 

Compactness, extreme ease of operation (only one knob con- 
trols the flashing rate), and operation from commonly available 
115-volt, 60-cycle power make the Strobotac a widely useful 
industrial tool. 


Type 631-BL 


STROBOTAC $150.00 


Wide Range: 60 to 14,400 rpm, direct reading; 
can be used up to 100,000 rpm 
Short Flashes: 5 to 10 millionths of a second 


Power: instrument operates from ordinary 
115-volt, 60-cycle lines 


Dimensions: 75s x 9 x 10 inches 


Weight: 914 pounds 


Photo coutesy Baltimore Aircoil Co., Inc. 

Evaporative condensers, used in the air-conditioning 
and refrigeration industries, perform satisfactorily only if 
the correct quantities of air and water pass around the 
condensing coils. The Baltimore Aircoil Co. uses the G-R 


Strobotac for measuring and controlling the fan and 
pump speeds which determine the rate of air and water 
flow. They tell us the Strobotac is the ideal instrument 
for the job, as it permits them to conveniently and 
accurately check the speeds of these parts. 


7ou’ll find, as have so many others, that the Strobotac 
will very rapidly pay for itself in time saved and reduced 
defective work. There’s a use for the Strobotac wherever 
there are machines, equipment and production opera- 
tions. 


We sell DIRECT. Prices shown are NET, f.o.b. Cambridge, Mass. 


STROBOTAC’ 


Manufactured Exclusively by . 


GENERAL RADIO Company 275 Massachusetts Avenue, Cambridge 39, Mass 


Since 1915 — Manufacturers of Electronic Apparatus for Science and Industry 


The RCA 21-INCH COLOR PICTURE TUB 
the tube in your future, is here! Intensive RCA 
search brings you full-sized pictures of excellent cl 
and brightness . . . makes production-line 
TV a reality. Outstanding features of the 


RCA-21AXP22 are: 


21” round tube with aluminized ph 

phor dot screen gives largest 

ture in color TV, a full 250 sq 
inches of brilliant color. 


Metal shell means ligh 
weight and greater m 


ical strength. 
Thermally - compensate 


spherical shadow mz 
permits uniform & 
pansion of mask fi 
improved color reg 
tration and bright 
pictures. 


70° deflection angie: 
combined with a she 


electron gun havi 
improved resolution: 
provides a short tu 
which permits reduc 
cabinet depth. 


RCA-21AXP22 
e 21-inch metal envelope 
e electrostatic focus 
¢ magnetic deflection 
e magnetic convergence 


Three New RCA- Developed 


<; RCA-GBL4— 
Receiving Tubes for Color TV Lisle. Wave! Rec: 
% tifier Tube.(Dam- 


per Diode) 


| Beam PowerTul 
| (Horizontal-D 
f flection Amplific 


RCA-6BK4— 
Sharp-Cutoff 
BeamTriode 
(Shunt Voltage. 
Regulator) 


hee) 


UBE 
™ 


RCA pioneered and developed compatible color televisic 


RADIO. CORPORATION of AMERICA 


ELECTRON TUBES HARRISON, N.J. 


